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OBSERVATIONS THE BEHAVIOR 
ALUMINUM ALLOY TEST GIRDERS 


The results experimental investigation the behavior eight built-up 
test girders standard aluminum alloy are presented this paper. Data 
web-buckling characteristics, stress distribution, and ultimate girder strengths 
are included. The object these tests was show what extent elastic 
buckling theory could used predict buckling phenomena and provide 
some data the relation between first buckling and ultimate load-carrying 
capacities aluminum alloy structures this type. 


INTRODUCTION 


The tests described this paper were made 1937 and 1938 part 
general program research the behavior aluminum alloy structures. 
Although the tests were made originally aid the design built-up girders 
simulating types common bridge and building construction, the information 
obtained relative strength, stiffness, and capability withstanding large 
deformations without failure fundamental importance all fields 
aluminum alloy structural design. 

One the primary objects these tests was determine what extent 
the theory elastic stability could used basis for the prediction 
buckling phenomena.? Experimental data are presented show the buckling 
characteristics number web panels different sizes under various com- 
binations shear and bending stress. few data the local buckling re- 
sistance outstanding flanges are also included. equal perhaps even 
greater significance from the standpoint design are the results obtained per- 
taining the ultimate strengths the girders. Tests failure constitute 
part aircraft structural analysis, whereas the designer the field 
general structures seldom has opportunity appraise conventional design 


comments are invited for immediate publication; insure publication the last dis- 
cussion should submitted 1946. 

Research Structural Engr., Aluminum Research Laboratories, New Kensington, Pa. 
1936, Elastic Timoshenko, McGraw-Hill Book Co., New York, Y., 
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procedures the light ultimate load-carrying capacities. The third phase 
the investigation concerns measurements strain and deflection made 
check the ordinary flexure theory applied built-up girders. 


II. SPECIMENS 


Fig. shows the structural details the eight girders built for test. 
material, including the rivets, was aluminum alloy having nominal 
composition 4.0% copper, 0.5% manganese, 0.5% magnesium, and the re- 
maining 95% The tensile properties the web and flange material 
are given Table Standard specimens for sheet metals were 


GIRDERS 


Wes (18 In. 108 FLANGE ANGLES 


Strength, Kips per In.: 
Yield 0.2%) 
Ultimate 

Percentage elongation in..... 


The over-all dimensions all the specimens were the same—108-in. length 
18-in. depth—but, shown Table considerable range proportions 


TABLE ELEMENTS GIRDERS? 


WEB OR 

Specimen PLATES 
(see Fig. 


Section 


All web plates are in. deep and long. The thickness inches, given Col. and the key 
letters Cols. and refer corresponding plates and flanges Fig. Cols. 10, denotes 
web,” denotes ‘‘moment inertia,” and the section modulus. Rivet holes 
from both top and bottom flanges. Two cover plates, in. wide. 


was investigated. Webs having clear depth between flanges in. and 
thicknesses and in. wereemployed. Three sizes flange angles, 


Transactions, ASCE, Vol. 102, 1937, 1369. 


Methods Tension Testing Metallic Materials, A.S.T.M. Standards, Pt. 
p. 899, Fig. 2. 
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one case with cover plates. 

The key letters Col. Table serve identify corresponding section 
the stiffeners and with sections follows: 

Section 

The diameter rivets used specimens and were driven hot, 
whereas the diameter rivets the remaining specimens were all driven 
cold. Cone-point driven heads were used throughout. clearances 
in. were allowed for both sizes. Intermediate web stiffeners were arranged 
provide number different sizes panel well panels like propor- 
tions subjected different combinations shear and bending stresses. few 
panels subjected pure bending were also provided. attempt was made 
design the intermediate stiffeners other than make reasonably certain that 
they were adequate confine web buckling the individual panels. 


III. 


All girders were tested 9-ft span. Loads were applied centrally, 
two points symmetrical with respect the center, hydraulic testing 
machine (capacity 300 kips, 300,000 lb) shown Fig. pairs 
stiffeners and indicate the position the applied loads relative the ends 
the span. 

Measurements the girders included determinations lateral deflections 
the webs, vertical deflections the center the span, and strain distribution 
the webs and flanges. Lateral deflections (see Fig. were measured with 
dial indicator, graduated 0.001-in. intervals and inserted between the webs 
and reference bar placed against the girder flanges. Readings were taken 
seven stations, lettered over the clear depth the webs number 
different sections, numbered etc., along the length the girders. 
Vertical deflections were determined fine wires stretched between the ends 
the girders and mirrored scales attached both sides the webs the 
center. Figs. 2(a) and 2(c) show this deflection apparatus. Strains were 
measured with 2-in. strain gages, supplemented few tests tensometers 
gage lengths. Strain rosettes, consisting four intersecting gage lines 
45° apart, shown Fig. were used for strain determinations the part 
the webs between flanges. Single longitudinal gage lines were used for the 
measurement flange strains. All girders were loaded until some part 
the structure failed until failure appeared imminent because the large 
distortions produced. 


IV. anp Discussion 


distribution diagrams, show the type information obtained these girder 
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Detailed results for all specimens, including data ultimate strengths, 
are presented Tables and 

(A) Lateral Deflections not possible obtain 
well-defined experimental buckling loads for flat web panels subjected various 


2'54" 
Sections 
= E- 
(a) SPECIMEN AND P=100 KIPS 


(b) SPECIMEN AND P=140 KIPS 

1'10 " 


(c) SPECIMEN AND P=72 KIPS 


15 


Stations 


10}"' 10}"' 104" 103" 6}" 1123 6y 1'243" 
(d) SPECIMEN 8A; AND P=30 KIPS 


DEFLECTIONS THE WEBS 


combinations shear and bending stress. only about one fourth the 
cases considered this investigation was abrupt change the load-versus- 
lateral deflection characteristics the webs observed which might inter- 
preted indicating definite buckling phenomena. Figs. 5(c) and 5(d) show 
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Computed Beam Theory 


Measured 


Computed Average Web 


Stress, Kips per In. 
(a) SECTION SPECIMEN 


Computed Beam Theory 


Measured 


Computed Average Web 


Stress, Kips per In. 
SECTION 19, SPECIMEN 


Computed Beam Theory 
Measured 


Computed Average Web 


Stress, Kips per In. 
SECTION 19, SPECIMEN 


Computed Beam Theory 
Measured 
Computed Average Web 


Stress, Kips per In. (Both Sides Web) 


(d) SECTION 19, SPECIMEN 


ths, 
P=80 P=40 
(19) (18) (19) 20) 
} 
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some the best examples load-deflection curves having fairly pronounced 
breaks Those Fig. 5(a), which are typical large num- 
ber obtained, are obviously little help determining critical buckling loads. 


TABLE MEASURED LATERAL DEFLECTIONS WEBS 


Panel Test Web de- Ratio, deflec- 
Specimen (kips per tion least 


(in.) in.) (kips) (in.) panel width 
(2) (3) (4) 


(a) 


88.3 

79.2 

91.3 

91.3 
140.0 


140.0 
140.0 


(b) 


26.6 


23.3 
27.4 
26.2 


41.9 
41.0 
40.6 


1,200 


lto 440 
lto 670 
lto 480 


1 to 1,140 
570 
lto 650 


AGS roe 


(c) 


1 to 
1 to 
1 to 


1 tol, 
1 to 
1 to 


Clear distance between stiffeners. Theoretical shear-buckling stress, computed using the clear 
dimensions the panels and assuming simply-supported edges. Corresponding test loads, the loads 
required produce the stresses the neutral axis the webs, equal the theoretical shear-buckling values 
Col. Corresponding maximum measured web deflection. 


Since was not possible select experimental buckling loads for all panels 
considered, interest consider what evidence buckling was obtained 
for loads indicated theory critical. Figs. and and Table provide 


7 
2 0) 
223 15.1 320 
47} 5.8 0.027 
6.5 0.025 
113 10.4 0.010 
11} 10.2 0.020 
233 3.8 11.4 0.031 390 
23} 3.8 11.4 0.016 750 
4.7 14.1 0.012 000 
47} 1.5 3.0 0.029 410 
10} 2.8 5.6 0.010 1,050 
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data for comparison between maximum measured lateral deflections the 
webs and theoretical shear-buckling loads. The latter were computed the 
loads required produce shear stresses the neutral axis the webs (accord- 
ing the flexure theory) equal the theoretical shear-buckling values, based 
the clear dimensions the panels and the assumption simply-supported 
the exception the panels specimen which were subjected 
average shear stresses sufficiently high produce plastic buckling, the 
maximum measured lateral deflections were generally quite small. For fifteen 


TABLE MEASURED AND COMPUTED VERTICAL 
DEFLECTIONS AND SHEARING STRESSES 


(a) INCHES, THE CENTER THE SPAN 
Caused by: 
Computed Stresses: 
Average (gross 11.8 11.8 11.8 11.1 8.9 10.7 11.8 8.0 
Rosettes and 12.8 12.8 12.3 12.0 9.6 11.5 12.9 8.7 
13.2 13.2 12.6 12.3 9.9 11.8 13.3 8.9 
Average rosettes............ 13.0 13.0 12.45 9.75 11.65 13.1 8.8 
Measured Stresses: 
14.0 |12.9 12.3 9.9 12.1 13.3 9.2 
15 ESE eer 13.4 13.1 12.2 12.4 8.8 11.6 12.0 8.4 
Measured Computed: 
Line line (1.10)......... 1.14 1.10 1.07 1.08 1.09 1.11 1.14 
Line line (1.01)........ 1.03 1.00 1.01 0.99 0.99 1.01 1.00 1.03 


Second test. Based elements gross sections. Percentages for the computed de- 
flections. The typical location the strain rosettes shown The stresses were computed 
the shear formula, based the flexure theory. Averages for each group specimens are shown 
parentheses lines and 18. 


the twenty-six sizes panel listed Table for example, the maximum 
measured deflections were less than 1/500 the least width panel. only 
one case involving elastic action did the maximum deflection corresponding 
the buckling load exceed one third the web thickness. number the 
lateral deflection curves shown Figs. 5(c) and 5(d) indicate that the webs 
essentially flat for loads considerably above the theoretical buckling 
values. 

Theoretical shear-buckling loads were selected the basis comparison 
Fig. and Table because the low ratio bending shearing stresses 


Structural Handbook,” Aluminum Co. America, Pittsburgh, Pa., 1945, pp. and 61. 
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computed for the panels considered. The load-versus-lateral deflection curves 
Figs. 5(c) and 5(d) indicate that there was consistent significant differ- 
ence between the behavior the panels near the center span, where the 
bending moments were maximum, and the behavior panels the ends the 
span subjected the same shear but where the moments were relatively small. 

was concluded from these observations that, general, shear-buckling 


TABLE MEASURED AND COMPUTED BENDING 
(Kips Per Square 


Dis- 
rom 
men end “(gross Flange Web Flange Web 
(in.) area) 


Top Top |Bottom| Top Top 
(2) (3) (4) (6) (7) (8) (9) (10) (11) (12) 


15.5 100.0 7.9 6.6 9.5 10.5 10.0 0.84 1.20 1.33 1.27 
100.0 15.0 13.6 14.7 16.4 091 1.05 0.98 1.09 
39.5 80.0 16.0 17.1 16.6 21.8 0.94 1.07 1.04 1.36 

35.8 120.0 13.2 11.4> 0.86 1.11 
35.8 120.0 12.2 1.13 1.13 

90.0 18.1 16.2 17.7 16.5 18.3 0.90 0.98 0.91 1.01 
38.8 32.0 8.8 8.6 8.0 8.3 9.4 0.98 0.91 0.94 
72.0 21.8 18.8 23.8 21.5 23.3 0.86 1.09 0.99 1.07 


43.8 40.0 18.1 18.9 18.8 20.3 17.6 1.04 1.04 1.12 0.97 


43.8 30.0 14.1 17.5 13.7 21.4 12.0 1.24 0.97 1.52 0.85 
Average difference (%) between measured and computed 10.6 7.7 13.6 13.1 
Number cases (out 11) which the measured stress less than 


the center the span. For specimen the flange stresses (Cols. and are the averages for the 
cover plates, since the web the point indicated was not accessible. web stresses (Cols. and 
are the averages for the underside the flange angles (see Fig. 6(c)). All other values are extreme fiber 
bending stresses. 


loads computed the manner described underestimate the point which 
significant web buckling may occur and that such loads therefore provide 
conservative basis for design. (Theoretical shear-buckling loads for fixed 
edges are about 65% greater than those for simply-supported The 
web panels considered (clear distances) were not simply supported the edges, 
assumed, because the restraining effects the flange and stiffener angles. 
far the web deflections observed these tests were concerned, however, 
accidental eccentricities loading, resulting either from initial out-of-flatness 
the webs from the manner which the loads were applied, tended offset 
the edge-restraining effects. compensating factors will present all 
girder webs. 


for Stress and Strain,” Roark, McGraw-Hill Book Co., New York, 
1938, 269. 
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curves The photographs Figs. 2(a) and 2(c) and the load-versus-lateral deflection 
differ- Figs. 5(a), and 5(c) show evidence web buckling the 
the panels the center the girders subjected pure bending. Application 
the buckling panels this type indicates that the stresses required 

Bottom 


Computed 
(12) 


1.27 


q 
/ 


1.23 


0.97 
13.1 
7 and 8) sig d 
which 
vide 
The inches Center Span, In. 
(a) 
wever, 
SPECIMEN 
atness (d) 
offset 
all produce buckling were appreciably higher than the maximum developed 
these tests. 
(B) Vertical also shows typical relations between loads 


and measured vertical deflections the center the span. comparison 
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these with the lateral deflection data Fig. indicates that the vertical deflec- 
tions the girders were not sensitive the first buckling action the webs. 
Approximately linear relations between load and vertical deflection were ob- 
tained for loads considerably beyond the point which buckling the webs 
was readily apparent. 

Table 4(a) affords comparison between measured and computed vertical 
deflections for all girders. The test loads used for this comparison were the 
estimated beam proportional limits for all specimens except specimens and 
The computed deflections were obtained the assumption simple flexure 
10,300 kips per in.), with allowance for deformations due shear 
3,850 kips per in.), computed the usual manner the assumption 
uniform distribution shear stress over the gross area the webs. 
general, the agreement between measured and computed deflections was quite 
satisfactory. Differences ranged from maximum 13% one case from 


Gage Gage Lines 


Stress, Kips per In. Stress, Kips per In. 


MEASURED AND CoMPUTED BENDING STRESSES 


for all others. only one case did the measured deflections exceed 
the computed values. From 35% 51% the total deflections was computed 
the result shear—a higher ratio shearing-to-bending deformations 
than usually obtained girder design. significant that the ordinary 
methods computing deflections are applicable specimens these propor- 
tions. Since the maximum bending and shearing stresses corresponding the 
test loads Table 4(a) were considerably less than the yield strengths the 
material, appears that the first over-all yielding indicated the vertical 
deflection curves can attributed largely the buckling action the webs 
rather than plastic deformations. 

(C) Stress shear-buckling loads selected for the girders 
were those loads which, according the flexure theory, were required 
duce shearing stresses the neutral axis the webs equal the theoretical 
shear-buckling stresses for the panels. the buckling loads had been based 
the assumption that the critical stresses shear were uniformly distributed 
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over the entire gross area the webs (as generally assumed design), some- 
what higher buckling loads would have been obtained. However, the shearing- 
stress distribution diagrams shown Fig. and the comparison between 
measured and computed values shown Table indicate that the theoretical 
distribution shear stress between flanges was approached very closely these 
tests. Differences between average measured and computed vertical shearing 
stresses for the four rosette locations the webs were not more than about 3%, 
compared differences about 10% between measured stresses and average 
values based the gross area the webs. The measured shearing stresses 
were determined the differences between the strains measured the 45° 
diagonal gage lines the rosettes multiplied the shear modulus elasticity 
(3,850 kips per 

Differences between measured and computed bending stresses built-up 
girders apparently may result from the lack integral action between the 
component parts the girder, the reductions area section rivet holes, 
and the effect stress concentrations and unequal distribution load between 
rivets. Complete integral action usually assumed although the degree at- 
tainable would seem depend the relative proportions webs and flanges 
and the efficiency the connections between these parts. The differences 
between measured and computed vertical deflections Table 4(a) did not 
indicate any significant lack integral action the test girders, although 
quite evident from the bending-stress-distribution diagrams Figs. 6(a), 
and 6(c) that all parts specimens and were not stressed the same degree. 
This effect was generally more pronounced sections subjected combined 
shear and bending than sections subjected pure bending. 

Table gives comparison between measured and computed stresses the 
webs and flanges all girders. most cases the stresses measured the top 
flanges, both webs and angles, were less than those observed corresponding 
points the bottom flanges. Extreme fiber stresses the webs were generally 
higher than those measured adjacent points the flange angles—indicating 
some lack integral action. The agreement between individual measured and 
computed bending stresses was definitely not satisfactory that shown for 
shearing stresses Table 4(b), although will appreciated that the stress 
distribution the flanges was probably considerably more complex than that 
produced the webs. addition the lack integral action, the length 
and position the strain-gage lines relative rivet holes, and the possibility 
considerable variation load individual rivets, undoubtedly accounted 
for some the variations measured stresses observed. view the 
generally good agreement obtained between measured and computed vertical 
deflections, seems reasonable believe that the average bending stresses 
along the length were likewise fair agreement with computed values. 

General structural design practice not consistent regarding the procedure 
followed making allowances for rivet holes computing section ele- 
ments. The use net rather than gross section elements for the tension 


The Determination Stresses from Strains Three Intersecting Gage Lines and Its Application 


Actual William Osgood and Sturm, Research Paper No. 559, National Bureau 
Standards, 1933. 
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flanges would have resulted generally better agreement between average 
measured and computed tensile stresses. The use net section for the com- 
pression flanges, however, would have resulted poorer agreement. 

(D) Ultimate Strengths the Girders—Table gives summary the 
maximum test loads, together with the corresponding computed maximum 


bending stresses moduli failure and the average shearing stresses the 


gross areas the webs. Average shear and bearing stresses the flange and 
load-bearing stiffener rivets are also included. stresses were all com- 
puted the assumption that the structural action the girders was the same 
that obtained the early stages the tests before web buckling. The 
bending stresses all cases were considerably less than the tensile yield 
strengths the material givenin The average shear stresses exceeded 


Bending 29.4 27.0 32.0 37.7 32.0 
Web 15.9 20.9 15.7 23.4 
Rivet bearing 52.1 87.4 114.8 102.3 
Rivet shear 8.0 12.6 13.2 17.4 11.6 


Large shear distortions failure. Twisting flange failure. Local buckling failure. 
Web fractures the rivet holes failure. The moduli failure, the extreme fiber stresses the 
center the span, are based gross area. Average web shear based gross area. 


the shear yield strength kips per in. estimated for the web 
four the eight cases considered and ranged from one approximately 
twelve times the theoretical shear-buckling stresses for the largest panels 
each girder. The latter comparisons emphasize how little effect the buckling 
action the web may have the ultimate strength girder. 

Three types failure were obtained. and the shearing 
distortions produced the webs became great that seemed advisable 
stop the tests. was quite evident, both from the condition the girders 
and the marked increases deflection obtained without appreciable increases 
load, that practical limit load-carrying capacity had been reached. 
Figs. 2(a) and 2(c) show the nature the web buckling produced. The average 
shearing stresses, corresponding the maximum loads these specimens, 
ranged from 20.9 25.1 kips per in., whereas the maximum computed 
bending stress was only 23.2 kips per in. 

specimens and failure occurred combination web buckling 
and twisting the compression flanges although, from the relatively low value 
flange stress computed for the buckled region, would appear that web 
buckling was the primary cause failure. There was evidence flange 
twisting the opposite sides these same girders where intermediate web 
stiffeners were used and web buckling was not pronounced. Figs. 2(b) and 
illustrate the type buckling failures obtained. The maximum test loads 


4 

th 
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represent ultimate load-carrying capacities even though the average shearing 
stresses were slightly less than kips per in. 

specimens 7A, and 8A, the web distortions were accompanied local 
buckling the compression flanges. Secondary diagonal-tension fractures 
the web were also obtained specimen shown Fig. illustrates 
the nature the buckling failures. The bending stresses from 32.0 37.7 
kips per in., computed for these specimens, were the highest obtained. The 


average shear stresses ranged from 19.9 24.4 kips per in. From the 
standpoint utilizing the strength the web and flange material, the speci- 
mens this group represent the most balanced designs. 

The data pertaining local buckling outstanding compression flanges 
specimens 7A, and are probably not sufficient establish general 
for predicting buckling this type. The average flange stresses 
computed for the sections which buckling actually occurred correspond 
the buckling stresses computed for flat plates, subjected edge compression, 
with one edge free and the other from 50% 100% 
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The average shearing stresses given Table for the flange and stiffener 
rivets indicate that there was considerable margin safety against failure 
these connections, since the ultimate shear strength aluminum alloy 
about 36,000 The average computed bearing stresses, however, 
were higher some cases than the ultimate bearing strengths generally ac- 
cepted for this alloy. The variation rivet-hole distortions shown Fig. 
indicates that the bearing stresses some rivets, near the ends the diagonal- 
tension buckles, must have been considerably higher than the averages com- 
puted. The maximum increases hole diameter ranged from about 15% 
20%. 

(E) Tension-Field Action.—As stated Section IV(D), the initial buckling 
load for shear-resistant girder web does not necessarily limit its ultimate load- 
carrying capacity. For example, specimen supported load approximately 
twelve times that which produced first buckling the largest panels. The 
civil engineer has become accustomed look buckling undesirable 
phenomenon and avoids such action the use low design stresses and inter- 
mediate web stiffeners. The aeronautical engineer, the other hand, recog- 
nizes that buckling girder web means transition from shear-resistant 
action, where diagonal tensile and compressive forces are equally effective 
resisting shear, so-called tension-field action, where the shear excess the 
buckling value carried largely diagonal tension. The strength web 
considered the latter basis depends the properties the web material 
and the capacity the flanges and stiffeners resist failure until the web 
has reached its ultimate load-carrying capacity. 

The original theory tension-field action, which the web was assumed 
have flexural stiffness and all the shear was carried diagonal tension, 
was presented Herbert The practical results this analysis have 
been summarized Paul Niles, Assoc. ASCE, and 
Since all webs are shear resistant some extent, however, consider- 
able experimental well analytical work has been done effort modify 
the theory make more suitable for design. and Dunn 
have presented summary" the results some this work; and they give 
data the yield and ultimate strengths number tension-field girders 
aircraft proportions. This approach the shear problem girder webs 
emphasized because represents attempt some fields design take 
advantage useful girder strengths beyond first buckling values. 

Although the tests this report have provided considerable evidence the 
factors associated with tension-field action, the proportions the girders were 
not believed justify detailed tension-field analysis view the present 
state the theory. tension-field failure was obtained only one girder 
(8A), and this action was accompanied local buckling the compression 
flange. Tension-field action presupposes that the web buckles into large 
number small folds and that the diagonal tensile forces are distributed fairly 
uniformly along the flanges and end stiffeners. The buckle patterns Figs. 
2(a) and and the variation hole elongations Fig. are scarcely consistent 
with this assumed action. Stiffener spacings relative the depth web are 
generally much closer aircraft tension-field girders than was the case these 
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Fic. WITH FLANGE AND STIFFENER ANGLES REMOVED SHow 
TORTIONS (NUMERALS INDICATE ELONGATED ARE INCHES) 


(a) End Panel, Specimen No. 
(b) End Panel, Specimen 
(c) Intermediate Panel, 


tests. Ratios web depth thickness, moreover, may range from 500 
1,000 more, whereas the highest ratio these tests was only 192. 


Sheet Metal Girders with Very Thin Metal Web,” Herbert Wagner, Pts. II, and III, 
Technical Memorandums Nos. 604, 605, and 606, National Advisory Council for Aeronautics, 1931. 


Summary Design Formulas for Beams Having Thin Webs Diagonal Tension,” Paul 
Kuhn, Technical Note No. 469, National Advisory Council for Aeronautics, 1933. 


Structures,” Niles and Newell, John Wiley Sons, Inc., New York, Y., 
1938, Ed., Vol. 154 


ne., New York, Y., 1942, 234. 
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The choice buckling angle important factor tension-field analysis, 


although the dependence this factor girder proportions yet unknown. 
Some evidence was obtained these tests show that the buckling angle does 
not remain constant with changing loads. specimen for example, the 
angle buckle shifted from approximately 33° load kips 15° for 
the maximum load 70.8 kips (Fig. 7). 

Fig. shows comparison measured and computed principal stresses and 
maximum shears the web specimen 8A. The measured stresses were 
based the average strains both sides the The computed 
stresses were determined the maximum values for combined bending and 
shear the various rosette locations. The interesting observation made 
from this figure that the diagonal compressions measured the center the 
largest panel (section 16) were approximately equal the diagonal tensions 
for loads 18.0 kips—or more than four times the theoretical buckling load for 
the panel. Strain measurements were not made for loads the vicinity the 
maximum test value, not possible state which point tension-field 
action, which ultimately fractured the web, became significant. For girders 
the proportions considered herein, the problem obviously requires further 
investigation. 


The results this investigation the structural behavior number 
built-up test girders aluminum alloy are believed warrant the 
following conclusions: 


Well-defined buckling loads generally cannot obtained experimentally 
for flat webs subjected combined bending and shear because unavoidable 
eccentricities loading. The computation buckling values for shear alone, 
using clear dimensions panels and assuming simply-supported prob- 
ably underestimates the buckling resistance most panels but provides 
simple, conservative basis for design. Edge-restraining effects, which tend 
retard visible buckling, are offset some extent eccentricities loading and 
the effects bending superimposed upon those shear. 

The measured vertical deflections the center span Table 4(a) 
averaged within about the computed values based consideration 
bending and shear. Approximately linear relations between load and deflection 
were obtained for loads considerably greater than those which produced first 
web buckling, indicating that over-all stiffness was not particularly sensitive 
the first buckling action the webs. 

The measured vertical shearing stresses shown Table 4(b) for the part 
the webs between flanges were very close agreement with values computed 
according the flexure theory, the maximum difference being about 3%. 
These stresses, which were the significant values from the standpoint web 
buckling, averaged about 10% higher than those based the gross area 
the webs. 


The measured bending stresses for the flanges Table were not 


close agreement with computed values shown Table for shearing 
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stresses. Lack integral action between flanges and webs and the effects 
variable load distribution between rivets and stress concentrations rivet 
holes are factors that complicate any attempt obtain experimental check 
the computed bending stresses built-up girders this type. 

Table gives summary the maximum test loads with the correspond- 
ing computed maximum bending and shearing stresses. Although difficult 
generalize regarding the significance these data for the prediction ulti- 
mate load-carrying capacities for built-up girders, the stresses given indicate 
the ranges which various types buckling may expected. Figs. 
and show the types 

quite apparent that shear buckling girder web may bear little 
relation its useful ultimate load-carrying capacity. The analysis webs 
the basis tension-field action well that shear-resistant action 
perhaps merits more consideration civil engineers. 

the basis the local flange-buckling resistances observed for speci- 
mens 7A, and 8A, buckling may estimated considering that girder 
flange acts plate subjected uniform edge compression, with one edge free 
and the other about 50% 

The rivet-bearing stresses actually developed the thin webs were un- 
doubtedly greater than the average computed values Table because the 
unequal distribution load occurring after web buckling. The maximum 
130.5 kips per in. computed for specimen indicates the high bearing values 
attainable when lateral restraint provided. Fig. shows the rivet-hole 
distortions produced two thicknesses webs. 

indicated the variation rivet-hole distortions, the diagonal ten- 
sions developed after buckling were not uniformly distributed along the length 
the flange and stiffener angles. Although direct measure their maxi- 
mum intensity was obtained, the tensions corresponding average shearing 
stress 24.4 kips per in. specimen were sufficient produce fracture 
the web two rivet holes for intermediate stiffener, shown Fig. 
and also the end rivet the compression flange. 


VI. 


The tests described this paper were made the Aluminum Research 
Laboratories New Kensington, Pa., under the direction Templin 
and Hartmann, Members, ASCE. The work has been sponsored for 
publication project the Committee the Structural Division Design 
Lightweight Structural Alloys. 
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PAPERS 


DESIGN PLYWOOD I-BEAMS 


The general formulas and methods presented herein are applicable I-sec- 
tions and box sections various dimensions, but the M/f-values and W-values 
presented Figs. 2(a) and 2(b) are based flange width five times the 
web thickness and flange depth ten times the web thickness for I-beams. 
Eq. 12, which also based these ratios, not applicable for other values; 
but, substituting any other ratios Eqs. 10a, 10b, and 11, similar expres- 
sion may derived. 

Since the greatest problem designing any I-beam box section the 
determination stiffener spacing, method suggested based the applica- 
tion formula for isotropic materials. 

attempt has been made determine the most efficient section with 
unequal flanges. From Eq. the depth the compression flange increases 
the form factor increases. Accompanying this increase 
certain point, and these two factors will increase the strength bending. 


INTRODUCTION 


The use Douglas fir plywood webs and solid laminated wood flanges 
for large I-beams comparatjvely recent development. The assembly 
consists plywood web standard construction with the flanges and 
stiffeners fastened the web glue, bolts, bolts and connectors. Plywood 
girders built this manner have several distinct advantages over the usual 
type heavy timber construction; for example: 


Larger cross sections and lengths can manufactured than are available 
single pieces; 
The girder can constructed that highly stressed parts contain 


pieces with the least number defects, and lower grades lumber and plywood 
can used elsewhere; 


comments are invited for immediate publication; insure publication the last dis- 
cussion should submitted November 1946. 
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The girder composed relatively small pieces, which are rapidly 
seasoned, and green lumber and shrinkage effects are minimum; and 
The members are easily fabricated and erected. 


The design plywood girder involves several factors that are not normally 
considered the design solid members. For instance, the shear between 
the flange and the web will often determine the depth the flange. the 
flange glued the web, the allowable unit shear this point one eighth 
the allowable unit horizontal shear for the plywood web. The allowable 
horizontal shear stress 240 per in. and the allowable web-flange shear 
per in. These values decrease the grade plywood reduced 
below 100% grade. Descriptions the various grades Douglas fir ply- 
wood, well other valuable data, are available elsewhere.? Since the unit 
horizontal shear eight times the web-flange shear, the depth flange 
glued the web should eight times the thickness the web when the full 
allowable shear developed the web. preparing the design curves for 
this paper, the depth the flange was taken being the web thickness. 

Because horizontal shear will govern the design plywood girders except 
for very long spans, seems unnecessary make the flange width greater than 
by. Based this flange width, the fiber stress approximately six times 
the horizontal shear stress and the allowable fiber stress bending will not 
reached until the length the girder about sixteen times the depth. 
course, adding material the flanges, the girder can designed carry 
greater load. With these factors known, the design plywood girder be- 
comes fairly easy. The difficult features are found the design splices and 
the placement stiffeners. 


The letter symbols this paper are defined where they first appear, the 
text illustration, and are assembled alphabetically the Appendix for 
convenience reference. 


FLEXURE 


Before the allowable fiber stress can used the customary flexure 
formula— 


—it must reduced factor whose value dependent the shape the 
cross section. Because wood much stronger tension than compression 
parallel the grain, might expected that the allowable stress com- 
pression parallel the grain should used Eq. when computing moments 
resistance. Actually, however, the fibers wood beam give way first 
the compression side, but the adjacent fibers then receive higher stress, 
which tends move the neutral axis toward the tension side and increases the 
stress tension. This procedure continues until tension failure occurs. 
wood beam the individual fibers help support each other; and, since the 


Data Douglas Fir Plywood Assn., Tacoma, Wash., 1942. 
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fibers the neutral axis are less stressed, they act supports for the extreme 
fibers, enabling them take higher load. This not the case when wood 
member subjected direct compression parallel the grain. Under this 
condition all the fibers are 
stressed alike and will not 
give much support 
each other beam. 
The original tests* used 
basis for developing 
structural grades were 
made specimens in. 
in. cross section. 
Additional tests larger 
sizes showed that, the 
height beam increased, 
the modulus rupture 
decreased. Since the effect 
this decrease has ‘been 
included the working 
stresses for structural 
grades lumber, the allow- 
able fiber stress does not 
need reduced de- 
signing 
tions. However, 
the complete sup- 
porting action the wood 
fibers only over width 
equal the width the 
web. The supporting ac- 
tion the fibers outside 0.10 0.20 0.30 0.40 0.50 
the web depends the 
depth the compression 
flange. For this reason 
weaker than solid beam the same height and the same section 
modulus. Therefore, necessary multiply the allowable fiber stress 
form factor depending the dimensions the I-beam. The form factor 
may calculated from the following formula‘ taken directly from Fig. 


the depth compression flange; the total depth; the thickness 
web; and the width flange. 


of 


Allowable Unit Fiber Stress, 


1.—Form Facrors 


and Related Properties Woods Grown the United States,” Markwardt and 
Wilson, Technical Bulletin No. 479, A., 1935. 


Products Transverse Loading Only,” No. 1310 (mimeographed), Forest 
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Values 


plywood 
various web thicknesses are 
given Fig. 2(a). Before 


TABLE 
CIENT 
Ea. 


0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 


calculating the moment 
from the S-value obtained 
from this chart, the fiber 
stress, must multiplied 
the appropriate form 
factor 


SHEAR 


computing the unit 
horizontal shear the 
plywood web the general 
formula— 


—may used, which 
the unit horizontal 
shear; the external 
moment area above 
below neutral axis; and 
the moment inertia. 
The values Fig. 
are based Eq. and 
the total 


8000 
56. ri 
7000 
the 
fla 
glue 
0.20 
0.400 For 
0.490 
(a) SECTION MODULUS valu 
0.810 
0.875 
0.920 
allo 
40000 
oO 
> 
Z| 
0 1 1 3 3 1 14 
Valuem 


June, 1946 PLYWOOD I-BEAMS 753 


tributed load may obtained for any values and when the unit hori- 


zontal shear 240 per in. For total loads values less than 
240, the value taken from Fig. simply multiplied the ratio 

will not necessary compute web-flange shear because the depth the 
flange sufficient keep the shear less than the allowable when the flanges are 
glued the web. When the flanges are bolted joined connectors and 
bolts the web, the number and spacing the fastenings must determined. 


LATERAL STABILITY 


For I-beams unsupported laterally, the maximum ratio the moment 
inertia about the z-axis inertia about the y-axis usually 25. 
For the beam with flange width and flange depth the 
value could not exceed satisfy this condition. However, most 
beams are supported laterally purlins, joists, heavy flooring. 


For long spans will necessary splice the plywood webs and solid 
wood flanges. Probably the simplest method splicing the plywood web 
glue plywood panel both sides the web joint. The thickness the 
plies the splice plates with the direction grain parallel the span must 
the same that for those the web. The width the splice plate will 
depend the fiber stress the point the splice, the web thickness, and the 
allowable shear. The width may found from the following formula: 


which the width splice plate; the maximum fiber stress point 
and the allowable shear between web and splice plate—60 per 
in. 

Flange splices should the points minimum bending moment, and 
can made overlapping additional piece and fastening with glue, bolts, 
connectors. 


STIFFENERS 


the supports and points concentrated loads, vertical lumber ply- 
wood stiffeners should glued the web between the flanges. These stiffen- 
ers are used bearing members and should fit tightly against the flanges. 
Their size may calculated dividing the vertical shear the allowable 
stress compression parallel the grain. 

Intermediate stiffeners are required prevent the web from buckling and 
their width must transmit the shear. The width may calcu- 
lated from the formula: 
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which the width stiffener; the unit horizontal shear; and 
the allowable shear between web and stiffener—60 per in. 

The spacing stiffeners depends the thickness the web, the number 
and arrangement the plies the web, the clear distance between the flanges, 
and the horizontal shear stress developed. The critical shear stress may 
expressed terms convenient design factors discussed detail elsewhere 
the writer 


selected from Fig. after complex functions have been converted the 
convenient design 
and Thus, the constants 
are functions the reciprocal 
Poisson’s ratio The moduli 
elasticity the entire panel, 
taken along the face grain, 


and across the face grain, 
are, respectively 

= E, = Ea = 7D) (60) 
> 


which the number plies; 
elasticity single ply; and 
0.2 0.4 0.10 ply about the neutral axis 
Values 
the cross section. ex- 

summations the product the moment inertia each ply about the 
center the panel and its modulus elasticity, divided the moment 
inertia the entire cross computing and the modulus 
elasticity along the grain for single ply may taken 1,600,000 
per in. and that across the grain 0.045 times the modulus elasticity 
along the grain 72,000 per in. The modulus rigidity shear 


Eq. the the Poisson’s ratios along the grain and across the 
grain (ua) equal 0.01 and 0.99. With the foregoing definitions 


Timber Design,” Howard Hansen, John Wiley Sons, Inc., New York, 
168. 

Critical Shear Load Rectangular Edgar Seydel, Technical Memorandum No. 
National Advisory Committee for Aeronautics, Washington, C., 1933, Fig. 

Timber Design,” Howard Hansen, John Wiley Sons, Inc., New York, Y., 
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defining the flexural stiffness along the grain against flexure the web across 
the grain, 


Similarly, defines the flexural stiffness across the grain against flexure the 
web along the grain, 


Flange 


Direction 
Face Grain 


Stiffener 


Values 


Values 
w 
STIFFENERS 


defines the torsional stiffness, 


apply Douglas fir plywood, with the face grain parallel the span. 


The design factors and may now written: 
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calculating the values and for the standard thicknesses 
Douglas fir plywood, solution for and easily obtained. Then 


can determined for any value The curves Fig. were obtained 


computing values for various combinations and Since the 


ultimate shearing stress approximately five times the allowable, the values 
have been divided five. that the distance, between 
stiffeners should not exceed dy. 


DEFLECTION 


The total deflection I-beam the summation the deflection com- 
puted the usual formulas plus the deflection due shear. Formulas for 
shear deformation may found equating the internal and external work. 
The general equations for the flange and web shear are follows: For the 
flange— 


0.5dwtl0bw 


and, for the web— 


0.5dw y 


which the total vertical shear; the width the flange, the 

depth the flange, and the distance from the neutral axis. 
For concentrated load, the center the external work equal 

0.5 A,, which the deflection due The general expression 


represents the area and equal the span; and the modulus 
elasticity shear. The integral for internal work may 
set equal the external work that: 


0.5dwtl0bw 


Dwi dy 


substituting the values flange and web shear the expression 
and using the flange and web thickness for the expression becomes 


72 0. 5d wtl0b zw 
0.5d.. 
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6 


w 
follows: 
Deflection for— 
Concentrated load, Uniformly distributed load, 
198 
644 322 
1,578 789 
100 3,271 1,635 
120 6,063 3,032 


Although the section modulus values and the maximum loads based the 
allowable shear given Figs. and 2(b) are only applicable when the flange 
width five times the web thickness and the flange depth ten times the web 
thickness, there are many instances when will necessary increase the 
flange dimensions. For higher ratios than those used, the load-carrying capac- 
ity based the fiber stress bending will increase rapidly, but the total load 
plywood becomes 25,800 whereas the value from Fig. 2(b) 23,000 lb. 
appears that Figs. and 2(b) represent method selecting section for 
the preliminary design. 

The deflection due shear I-beams and box sections considerable 
magnitude and must added the usual deflection formulas serious errors 
may result. 

The theoretical method determining the stiffener spacing has not been 
checked experimentally, but believed that test results would conform 
rather closely. 

Additional information needed the lateral buckling beams and 
experimental data are also lacking the load capacity beams with the 
flanges attached the webs all types fastenings. 


APPENDIX 


The following letter symbols, used the paper and its discussions, con- 
form essentially American Standard Letter Symbols for Mechanics, Struc- 
tural Engineering and Testing Materials (ASA—Z10a—1932), prepared 
Committee the American Standards Association, with Society representa- 
tion, and approved the Association 1932: 


form factor defined Eq. 
breadth, thickness, section: 


7 
the 

the 
(12) 
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thickness the web; 
depth, with subscripts corresponding 
entire panel across the face grain; 
individual ply; 
entire panel along the face grain; 
fiber 
modulus rigidity 
rectangular moment inertia; individual ply; 
number plies; 
clear distance between 
moment; 
function Poisson’s number, the reciprocal 
number; 
total load, either concentrated distributed 
statical moment area above below the neutral axis; 
section modulus M/f; 
factor: 
total shear, subscripts denoting horizontal vertical, respec- 
tively 
unit shear: 
critical; 
allowable stress between web and splice plates; 
allowable stress between web and stiffener; 
vertical; 
distance from the neutral axis the extreme fiber; 
factor (Eq. 9a) useful design; 
deflection due shear; and 
factor Eq. 9b. 
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PAPERS 


RIGID-FRAME STRUCTURES SUBJECT ‘TO 
NONUNIFORM THERMAL ACTION 


The purpose this paper clarify the problem determining stresses 
and strains any point rigid frames whose members are subject non- 
uniform temperature differential; that is, structural members which the 
temperature one face different from that the other face. Many engi- 
neers are unaware the exceedingly high stresses created this quite common 
loading condition. The paper develops rational setup which general 
scope since applicable any type framework. 

This paper divided into five parts, which Sections and contain 
the complete thermal analyses three basic types frames. 


1.—INTRODUCTION 


Thermal stress analysis considerable importance many branches 
the metal industry connection with castings, structural frames, etc., well 
the field such reinforced-concrete structures flues, flue portals 
plinths stack foundations, hot liquid flumes, foundations for boilers, oil 
refinery furnaces, and blast furnaces. 

Although generally recognized that reinforced concrete far from 
being ideal material structures that are subject high nonuniform tem- 
perature changes, continually used under these circumstances with reason- 
able success. The main reason for this undoubtedly the fact that other 
material readily applied variety structures. equally well: 
known, however, that reinforced-concrete structure built the shape 
rigid frame closed ring, for example), and then heated fairly high degree 
from within, certain develop number noticeable fractures along all 
outside edges. These fractures, which are caused entirely thermal action, 
vary width with the depth the frame member; that is, deep frame mem- 
ber produces wider fracture than shallow member produces. some 


comments are invited for immediate publication; insure publication the last dis- 
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instances such fractures not impair the efficiency the frame and may 
safely neglected yet, many cases, the formation fractures indica- 
tion that the structure question should have been designed along entirely 
different lines. 

stated the this paper analyzes thermal stresses three 
distinct types frames. The frames chosen are reinforced-concrete founda- 
tions for boilers and oil refinery furnaces. The analyses, course, are equally 
applicable frames any other shape and built any material combination 
materials. For simplicity, the frames are symmetrical and their members 
are constant cross section from joint joint. the cross sections the 
members vary, the amount computation naturally increased but the basic 
principles remain the same. loading other than that produced nonuni- 
form thermal action treated. Because the greater ease, member lengths, 
rule, are taken along their inside surfaces. order gain knowledge 


Symmetrical About 


Center 


(c) ASSUMED 
TEMPERATURE 
VARIATION 


FRAME 


(a) PLAN 
(b) A-A 
(c) TEMPERATURE VARIATION 


just what thermal action does frames, the shape the elastic curves 
determined. 
letter symbols this paper are defined where they first 


appear, the text illustration, and are assembled alphabetically the 
Appendix, for convenience reference. 


2.—RECTANGULAR FRAME 


plan view the simple rectangular frame analyzed first shown 
Fig. Fig. 1(6) enlarged typical cross section through any frame 
member, showing the lower part reinforced-concrete foundation wall, 
high 1.67 thick. Superimposed this wall the furnace wall 
with its columns, buckstays, steel casing, insulation, and refractory lining. 
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The furnace floor, which formed broken firebrick laid directly the 
elevated soil, the left. upper part the foundation wall protected 
rely from the intense heat, some extent, cast-in-place refractory facing 
high insulating value. Heat transmitted from the furnace floor through the 
soil the inside face the foundation wall. The right-hand side Fig. 
exposed the atmosphere and indicates the outside grade level being 
approximately the midheight the foundation wall. The assumed tem- 
tion perature variation illustrated Fig. 1(c). The inside wall face 500°, 
bers and the outside face 100°, leaving temperature differential 400°. 
the Assume now that the frame cut each its corners and that the tem- 
perature differential subsequently applied. This will cause each the four 
separate beams bow inward since their inside faces have received increase 
length, whereas the length their outside faces remains unchanged. The 
amount bow, curvature, etc., obtained from Fig. which shows the right- 
hand half wall FD. With the temperature differential 400° and with 
coefficient expansion equal 0.0000079 in. per in. per degree, the wall length 
in. and point moves point D’, Fig. 
The expressions for the lengths are and can written: 
first 
the 
The measure the difference between the inner and outer arc lengths 


Fig. 
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Substituting numerical values Eq. 0.724219° 43’ 27.18”. 


6,349.128 in. The vertical deflection equals: 


1 


la, 


from which, proper substitution, 0.507 in. Similarly, half the chord 

80.2506 in. (see Fig. 2). 

The various values found, for the length also apply 
lengths FE, AB, and BC, Fig. symmetry. The corresponding values 
for members and are found identical manner. 

For purpose analysis, the frame Fig. assumed cut convenient 
point Applying the temperature differential, the frame will take the shape 

A’, B’, C’, D’, and F’, respee- 

tively. gap forms 

which moves vertically 
(Close distance and the tan- 
Enough) the elastic curve 
point assume angle 

Point remains stationary. 

(In the case unsymmetrical 

frames, assume some conven- 

ient point being fixed 

location and let the structure 

displace itself thermally all 
directions from that one 

point. Should the tempera- 

ture differential vary from 

joint joint, displacement 

must modified accordingly. 

member has temperature 

VALUE differential, its elastic line 

displacement diagram re- 

mains unaltered.) numerical values all displacements are given 
10.28” 0.0884 radian. The computations for the vertical and horizontal 
displacements are, respectively (see Fig. 4): (0.507 2.535 120.3482) 
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1.1400 80.2100) 5.4052. Various slight approximations 
made computing these displacements. 

The unknown thermal moments are solved for the elastic energy 
because its universal application and the ease with which lends itself 
this type problem. The effect axial forces frame members are neglected 
the following computations unless otherwise noted. All four corner mo- 
ments must equal because both the frame and its loading are symmetrical 
about the same center lines. Since external forces are acting between 
joints, the moment curve becomes straight line from joint follows, 
therefore, that neither shears nor axial forces are present. Any point the 
frame affected only moment that uniform magnitude all around. 
Each wall reinforced eight round rods the outside face, and four 
rounds the inside face. The moment inertia the wall, trans- 
formed into terms concrete, 14,230 the corresponding area, 1,060 
in.; the modulus elasticity assumed equal 2,000,000 per in. 


(a) AUXILIARY LOADING AUXILIARY MOMENTS (c) ACTUAL MOMENTS 


and are constant throughout); and 15. 5(a) and 5(b) show the 
auxiliary loading, and moments respectively. Fig. 5(c) sets forth the 
actual, moments. 

Computing the unknown thermal moment terms longitudinal dis- 
placement 


F D Cc 
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Material 


Moment, 


(b) AUXILIARY 
MOMENTS 


ANGULAR ROTATION 


and 


Substituting the numerical values: 2,000,000 14,230 5.439 
120 160 and 4,600,000 in.-lb (tension outside). 

That the moment produces tension the outside face the members 
evident reasoning follows: members were cut loose corners, 
and the beams would, upon being heated along their inner faces, bow 
inwardly shown Figs. and and their ends would form acute angles 
the joints. However, the ends are compelled remain angles 90° 
apart because the rigidity the system. This can accomplished only 
joint moments; that is, resisting moments that cause tension 
the concave outer faces. 

The thermal moment 4,600,000 in.-lb produces the following stresses: 


Tensile steel... 


Compressive steel.......... 


Concrete..... 


With 0.0884 radian: 
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Computation Stress (Lb Per In.) 
4,600,000 10.6 in. 51,300 


14,230 
4,600,000 3.4 in. 
4,600,000 6.4 in. 


These stresses, course, are far from being safe. Moreover, they are beyond 


the limit within which the equations this paper apply. 
Nevertheless, they serve emphasize the danger in- 
curred the design unequally heated structures when 
due precaution not paid thermal stresses that are 
likely introduced. Calling attention this fact 
the foremost purpose the paper. 

interesting note that even the temperature 
differential little 200° instead 400° the re- 
sulting moment (one half would still enormous 
magnitude considering the fact that stresses produced 
are reality secondary stresses. 

case one not interested obtaining complete 
picture the linear displacements, the moment may 
more promptly arrived through application the 
angular rotation which readily computed Eq. 
For this setup, Fig. shows the auxiliary loading and 
moment diagrams, respectively. The actual M-dia- 
gram the same previously indicated Fig. 


di: 
al 
(a) AUXILIARY 
LOADING 
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Substituting the numerical values Eq. 2,000,000 14,230 0.0884 
discrepancy between this value and that 4,600,000 in.-lb previously found 
caused the slight approximations made computing displacements. 

the problem hand concerns merely that simple frame, and assum- 
ing that the designer desirous ascertaining neither linear nor rotational 
displacements, the thermal moment may determined quickly the basis 
the arch the formula, 


Moment 


and element length along the arc member, measured along the 
gravity axis. Since the frame symmetrical about both center lines, the 
elastic center coincides with the geometrical center the structure and their 


14,230 14,230 


4,500,000 in.-lb. 

Having obtained the stresses created the rectangular frame 400° 
temperature differential between inside and outside faces frame members, 
the shape the elastic curve, exists 
when frame comes rest after thermal 
loading applied, can established. 

Considering the four frame members 
simple beams (cut corners) and ap- 
plying the temperature differential, they 
would deform indicated Fig. 7(a). 
The deflection midpoint long 

4,500,000 160? 
0.507 in. (see Fig. deflection 
Ans the short beams (b) 

4,500,000 1202 
2,000,000 14,230 9-285. The 
deflections the center beams caused 
solely the uniform restraining moments are shown Fig. 

The foregoing values reveal the interesting fact that when the mem- 
bers simple closed frame, any shape, are subjected nonuniform 
temperature change through their (h) they undergo deformation. 
long temperature change, depth, and moment inertia remain constant 
for all members, the elastic curve remains straight line throughout (in cases 


Concrete and Masonry Structures,” George Hool and McGraw-Hill 
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where frame members were originally straight) despite the fact that bending 
moments enormous magnitude are created. 
Various other facts interest may observed from Figs. 5(c) and 
For example: 


(1) frame members were doubled length, the linear expansions and 
and angles and would double magnitude. the left-hand 
term Eq. would double; but would the right-hand term since the moment 
area now has twice value. The result that the moment 4,500,000 
in.-lb remains constant regardless lengths members long the ratio 
lengths, temperatures, and depth members are not changed. The fore- 
going facts might also have been deduced considering Fig. With the 
member lengths doubled, linear displacements and would become four 
times great shown. However, the right-hand side Eq. would also 
increased four times its former value, since both moment areas and their 
arms are doubled magnitude. 

(2) Assuming that instead doubling member lengths, the thickness 
doubled. Eq. shows that this case angles and would halved. 
However, the moments inertia the members are now increased eight times 
their original value (assuming that the proper percentage steel reinforce- 
ment added the new section). Therefore, the net result that the left- 
hand term Eq. becomes four times great before. Since 
moment areas have not changed size, the right-hand side Eq. remains 
unchanged. Consequently, doubling the wall thickness quadruples the moment. 

If, the foregoing example, the walls are equal cross section, the 


3.—RECTANGULAR FRAME WITH TIE Rop HINGES 


The analysis Section serves indicate that high temperature differen- 
tials rigid frames are create troublesome problems. 
logical step, therefore, attempt make the frames less rigid effort 
minimize thermal stresses. 

Again, consider the frame discussed Section and place hinge each 
the points and Upon application the temperature differential, the 
frame would then able move without any restraint other than that 
caused friction between the bottom the walls and the soil upon which the 
frame rests, long the frame symmetrical about both center lines. Dis- 
regarding this friction, temperature stresses whatever would created 
the frame. many instances such hinges would serve well inexpensive 
expedient. other cases the considerable increase distance between 
points and well the comparatively abrupt change curvature 
these points, would have most unfavorable effect the superimposed equip- 
ment such structural framing and refractory walls. For this reason 
generally advantageous introduce fairly heavy, yet slender, tie member 
between points and Fig. illustrated for point Fig. 

The setup for the frame shown Fig. 1(a), with the addition links 
points and and tie rod between these points, then becomes shown 
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Fig. assumed that the tie rod receives temperature increase 
300° through the soil. This causes the tie rod elongate amount 120 
(0° 32’ 0.761 in. 


Row Heavy Dowels 


Heavy Bituminous 
Coat Applied 
Smooth Surface 


Welded or 
Riveted 
Gusset 


Wall and Footing 

(b) SECTION B-B 
(c) SECTION C-C 


Continuous Footing 
Pad Where Desirable 


(a) PLAN 


Fig. shows the deformation one half the frame without the restrain- 
ing action tie rod. The change span length between points and 
that causes stress the members, then 122.914 120.242 2.672 in.; but 
the tie rod also elongates, due its stress, 
force sustained the rod; and length 
member. the displacement becomes 
120 

5.50 

For slender tie rod, stored-up elastic energy 
both axial forces and moments must included 
the elastic energy equation, which for one half 
the complete frame reads: 


The force the tie rod the only redundant. Once this force known, 
the frame statically determinate. Since one equation all that necessary 
for its solution, the solution tie-rod force can based upon the displace- 


ment, 


80.2293" 


The auxiliary and actual stress diagrams, respectively, for axial forces 
the frame members are included Table which used evaluate the 


e 
4 
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term, 


which auxiliary tie-rod force. order evaluate the term 


Eq. 11, refer the auxiliary and actual moment diagrams 


AUXILIARY STRESS DIAGRAM ACTUAL STRESS DIAGRAM 
Member 


Force 


Area FTL 

TBE 


In.-Lb 


(a) AUXILIARY MOMENTS (b) ACTUAL MOMENTS (c) FINAL MOMENTS 
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With the two terms evaluated, Eq. yields: 


Substituting the known values Eq. 13, 


The auxiliary force might have been assumed unity the outset 
2.672 
0.000040511 
66,000 The maximum moment now 66,000 5,280,000 

greater than for the hinge-and-tieless 


since cancels; hence, 0.000040511 2.672; and 


shown Fig. 10(c). 

With respect the end wall CD, its 
moment has been increased 15%. 
Nevertheless, the moments are eased 
over the middle part the side walls 
the introduction hinges and tie rod. 

The extremely strange shape the 
elastic curve illustrated Fig. 11(d). 
For end wall the tie-rod pull 66,000 


ture differential (Fig. since tie- 

rod pull forces the end wall bow out- -0.075 -0.065 

ward. Regarding wall pieces and 0.047 

ED, inward: DISTANCES BELOW ZERO LINE, INCHES 


tie-rod pull. outside faces these 


two wall pieces are tension, even though the elastic curve apparently indi- 
cates that the opposite true. 


The exact deflections various points the frame are determined 
follows: The length that wall shortens the result compression, 


66,000 120 


0.004 in. other words, the length the 
’ ’ 


rectified the plane the neutral axis (see Fig. 11(d)), less shortening 


0.004 in. the result compression wall CD, The tie-rod 
elongation, inches, is— 


equal 


66,000 120 
For 300° temperature increase, At, through the 
0.290 


Deflections given Fig. 11(d) are established part means the 
setup Fig. 11(c) being the difference between deflection caused thermal 


Oo 
0.127" 
(a) UNEQUAL TEMPERATURE INCREASE 
. 
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bow (see Fig. and deflection produced opposite direction tie-rod pull, 
from the formula, 


The ultimate displacements, inches, are obtained follows: 


Section (see Fig. 11) Computation 


8EI 
5,280,000 120? 


The foregoing computations serve indicate that the introduction 
hinges and tie rods properly selected points the frame may bring re- 
lieving effect some parts the structure, but aggravating effect other 
parts. natural, therefore, that the next step should investigate what 
can gained allowing the half frame BCDE, Fig. 11(d), acquire 
somewhat greater deformation than fixed-length the tie rod permits. For 
this purpose assume that the tie rod used the preceding example placed 
with initial slack 1.20 in. The distance between hinges, then, must 
increased 1.20 in. (entirely nonuniform heating the walls) before the tie 
rod comes into action load-carrying member the system. the new 
tie rod the same sectional area the four angles previously used, the 

2.672 1.20 
36,300 lb. The 
corner moment the frame equals 36,300 2,900,000 The 
corrected tie-rod elongation, inches, now determined before— 


36,300 120 
For 300° temperature increase through the soil....... 0.242 
Plus the initial slack the tie 1.200 


The outward bow wall equals 0.285 (see Fig. 7(a)) 


0.285 0.049 in. 


expression for the tie-rod force becomes 


The center deflection wall CD, inches, will be— 


Thermal curvature inward (see Fig. 7(a)) 


Restraining corner moments (outward) 


120? 


Ultimate deflection (inward) 


oOo 


Fig. No. 

11(d) 

11(c) 

4 W: 
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Fig. shows the final moment and deformation diagrams, respectively. 

interesting note comparing Figs. 10(c) and 12(a) that the initial tie-rod 

slack has reduced the frame moment almost one half. The increase 

distance between points and 

only half that which would 

have been produced the 


frame with hinges points 


and E—but without any tie rod, 
This also holds true for the 
abruptness the change 
curvature points and 

Comparison between Figs. 
11(d) and 12(b) reveals that 
the elastic curve end wall 
one case outside, and (a) MOMENTS 
the other case inside, its RECTANGULAR 
original position. WITH Rop 

The analysis demonstrates 
that the introduction tie rod 
with initial slack, many instances, should constitute economical means 
which bring thermal stresses within reasonable range. The greater 
the permissible slack, the less will resulting thermal stresses. The proper 
amount slack governed the magnitude abrupt displacement which 
the equipment (refractory wall, 
Than Outside Face steel structure, etc.) will safely 
withstand, and should subject 
close scrutiny the designer 
each individual case. 


In.-Lb 


0.101" 


FRAME WITH 
Two Cross WALLS 


The last type frame 
analyzed foundation consist- 
ing six monolithic walls. 
simplified plan the structure 
essentially shown Fig. 13. 

differs from the frames described 

larger and contains members dif- 

ferent cross section. Side walls and GM, Fig. 13, are identical. Cross 
walls and are also identical but somewhat lighter section. End 
walls and are lighter section than any the others. cross sec- 

tion through the exterior walls substantially shown Fig. 1(b). 
The exterior walls are subject the same temperature differential (400° 
the frames previously analyzed. The two cross walls, however, receive 
Uniform temperature increase 400° throughout since they are exposed 
similar heat from both sides. 


400° Uniform Increase 
Temperature Throughout 


re- 
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ced 
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Axial forces are neglected the following computations. Moments 
inertia, transformed into terms concrete the three different walls, are 
computed for wall, thick. The properties the sections are 

TABLE SECTIONS, obtain picture thermal 
RECTANGULAR FRAME WITH displacements that occur when the 
Two Cross structure heated, cut the frame 
points This makes the 
frame statically determinate and 

causes deviate from its cold 
Outside shape, shown dotted lines, 
Point the only spot that remains 
stationary. All displacements are 
symmetrical about line 
both frame and loading are symmetrical about both center lines the frame, 

the moment diagram will likewise symmetrical about the center lines. 

Fig. the complete geometrical displacement diagram for the right- 
hand side the structure. The linear displacements (both horizontally 
and vertically), well the ro- 
tational displacements points 
3.202 in.; 0.955 0.231 
radian; 278.500 0.847 
9.087 6.786 (230.211) 
49.150 1.601) 14.258 
in.; Ary 3.050 0.955 
1.450 5.455 in.; and 
radian. 

follows from Fig. that there are only four mo- 
ments Mp, Mz, Mr, and the moment the cross wall Mpx. the latter 
the difference between and may expressed such, thereby re- 
ducing the number unknowns three. 

Proceeding along the same lines the example Section possible 
write three elastic energy equations based the vertical, horizontal, and 
rotational displacements each the points and Examination reveals, 
however, that due symmetry the equation (Eq. based vertical deflec- 
tion unusable, still leaving abundant number equations. Choosing 
utilize the three elastic energy equations that are based Ary, and 
the auxiliary loading diagrams and auxiliary moment diagrams shown 
Figs. 16(a), 16(b), and 16(c), respectively, are constructed. The moment 
areas sketched these illustrations are drawn that side the members 
where auxiliary force produces compression. 


\ 
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Fig. 17(a) the assumed actual, M-moment diagram. The moment 
areas are shown that side the member where compression will presumably 
will also noted that, for simplicity, the suffixes for moments 
the upper right quadrant are repeated the three other quadrants. The 
modulus elasticity constant throughout and, the other examples 


1.601" 


9.087" 


Center 


341.070" 


0.151" 
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DIAGRAM 
The elastic energy equation based horizontal displacement Ay, point 
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Substituting the known values—2,000,000 3.202 (Mp 340 


10,260 


LOADING LOADING 


MOMENTS MOMENTS MOMENTS 
(a) FOR FOR (c) FOR 


Note: Moment Areas Are Shown That Side the Member Where Compression Produced 


Precisely similar Eq. 16, the elastic energy equation expressing stored-up 
energy due vertical displacement point is: 


(area) (area) (area) 


and substituting the known values for horizontal displacements, reducing 
for Eq. 17: 


Also, the elastic energy equation based rotational displacement joint is: 
From which, substitution and reduction: 


Solution the three simultaneous Eqs. 17, 19, and yields, inch-pounds: 
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accordance with the sign convention used, the moments that proved 
positive were assumed correctly those that became negative are opposite 
what was assumed the beginning (see Fig. 17(a)). The final moment dia- 

Side walls and are not subject axial load. Cross walls and end 
walls, however, carry axial force (compression cross walls and tension 


(a) ASSUMED ACTUAL 


Tension Tension 
ompression Compression 


2700000 In.-Lb 


2 
N 


5000000 In.-Lb 


Compression 
Compression 


Symmetrical About 
Center Lines 
80000 In.-Lb 2700000 
(6) FINAL 


229.5 

The greatest stresses the side wall occur point the magni- 

tude which (in pounds per square inch) is: 


Material Computation Stress 


5,000,000 (30 11.4) 


22,020 


end walls), the numerical value which 


tensile steel, 63,300 


(19) 
is: 
(21) 
nds: 
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These stresses also are far beyond the limits within which the equations 
Section hold. 

view the aforementioned stresses, the foundation would unusable 
its present rigid form, except possibly cases where its superimposed load 
quite uniformly distributed. Even such cases, the superimposed equipment 
must nature that will withstand the effects somewhat cracked-up 
foundation. However, when the designer undertakes decide whether not 
the equipment capable absorbing effects more less failing foundation, 
the difficulty immediately arises determining where the foundation likely 
yield. The probability that the foundation Fig. would fracture 
between points and between points and might crack anywhere 
these two regions, well various other points, since the moments and 
the corresponding resistance values the frame members are fairly pro- 
portionate. 

connection with frame analyzed Section impossible, theo- 
retically, predict where the frame will rupture since both moment and wall 
section are constant throughout. Practice shows that fractures appear 
intervals along the outside face all four frame members, although they appear 
mostly near the corners. 

Two factors contribute the comparatively much higher moments the 
frame Fig. over those the frame Fig. 1(a). The two factors are (1) 
the cross sections and (2) the detrimental effect introduced when 
the cross walls push the side walls outward. 


The foregoing computations furnish explanation the numerous frac- 
tures that inevitably occur rigid-frame members when subject non- 
uniform temperature variation. They show also the certainty with which 
possible analyze such structures, with the view minimizing thermal 
stresses, when the calculations are set rational manner. 

The actual occurrence 500° means exceptional for the tempera- 
ture structural concrete. connection with the type problem discussed 
this paper, the entire danger lies the fact that only one side each the 
frame members attains the higher temperature increase. The analyses 
Sections and disclose that neither the two frames are capable with- 
standing safely, the effects temperature differential materially excess 
100° since the frames are already stressed some extent vertical loading. 

all frames analyzed this paper, has been assumed that the concrete 
maintained its elasticity even the very high stresses encountered. This 
not the case, the stresses were computed way into the plastic range 
concrete. For this reason logical assume that once the computed stresses 
reach the plasticity range the concrete they increase only slightly with 
ther increase displacements. This fact most likely one the reasons that 
concrete stands well does even under quite unfavorable nonuniform 
thermal conditions. 

The degree accuracy with which this type analysis should executed 
depends not only the structure question, but also various individual 
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circumstances. Displacements must computed logarithms, whereas the 
slide rule offers abundant accuracy for all other numerical values. 

Since the average designer has little interest ascertaining linear displace- 
ments and deflections, considerable time may saved computing the frame 
moment entirely from rotational displacements shown Section 

One factor uncertainty entering into thermal problems the determina- 
tion the exact temperature each side the frame members. This 
evidently field which much research should, and could, done order 
enable the engineer begin with reasonably correct temperature values in- 
stead values that are largely matter guesswork. ques- 
tion which (to the best the writer’s knowledge) shrouded total obscurity 
that how determine intelligently the “average wall 
limited extent whose temperature gradient varies from one edge the other. 
typical example this shown Fig. 1(b). The thermal condition the 
top the foundation wall quite different from that the lower part the 
wall; the upper part wall exposed the cooling influence the atmos- 
phere; and the lower part wall affected the insulating action the 
surrounding soil. 

general, the investigations reported herein apparently sound strong 
warning against continuity structures whose members are subject fairly 
high nonuniform thermal action, unless ascertained beforehand, 
analysis, that stresses thus produced are within the allowable range. 

some instances, thermal fractures rigid frame are little conse- 
quence. good example this the foundation Fig. this type 
structure the superimposed load distributed fairly uniformly that little 
vertical beam action required the frame members. 

When the frame question forms foundation, times advisable 
eliminate its continuity cutting its members well-chosen points, thus 
leaving the various parts free assume their natural thermal deformations 
without restraint. However, this uncontrolled expedient usually results 
complicated and expensive foundation structure order maintain linear and 
rotational displacements within the permissible limits. 

Again considering the frame Fig. assume that has decided 
eliminate continuity altogether. Assuming also that relative vertical 
settlement between the various foundation elements permissible, the logical 
step would sever each the two side walls and completely 
thick rock-wool block expansion joint point about 2.5 from the 
inside face each end wall and CD. end wall would severed 
the same type joint its center. This would create foundation 
composed six loose parts—two straight pieces wall and four unequal angle- 
shaped parts. avoid relative vertical settlement between any these 
pieces, would become necessary place the wall parts footing pad with 
top and bituminous joint shown section Fig. The 
footing pad should made discontinuous 1-in. thick rock-wool joint 
footing pads, each wall part, its extreme fourth fifth points, must 
doweled, footing pads two places. The dowels should large-diameter, 
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round, smooth bars heavily coated mastic. Any unequal vertical bending, 
which before was supported the walls, now must supported entirely 
the footing pads. 

Some degree controlled continuity may easily established along the 
lines suggested Section (see Fig. 8). Whether not initially slacked 
tie rod used strategic location, this foundation might further improved 
(at added cost) thinning the wall between buckstays. avoid exceeding 
the allowable soil-bearing pressure, probably would necessary place the 
walls continuous footing pad shown section which, turn, would 
require smooth bearing surface and bituminous joint, indicated, order 
facilitate sliding. Resistance against sliding should checked; and 
considerable magnitude should taken into account more less uni- 
form load acting toward the inside the frame. increases corner moments 
but decreases the moments between joints. 

Offhand, would seem that the two cross walls and EL, Fig. 13, 
should designed beams (to carry their vertical load) and should sup- 
ported movable end bearings points and practice, how- 
ever, will generally found that the large end reactions create frictional 
forces these points considerably excess the thrust 10,000 existing 
the cross wall. 

many instances possible improve, materially, the design 
nonuniformly hot foundation substituting comparatively slender steel 
members for some the bulky concrete members. Such structural steel 
should encased suitable type concrete mix that yields high in- 
sulating value but low compressive strength. order ascertain that this 
protective concrete remains place, even though badly fractured, should 
reinforced continuous wire mesh welded fabric placed fairly close the 
surface. 

the case traditional, rectangular, concrete flue, improved design 
usually achieved eliminating dowels between base slab and walls—at the 
same time providing smooth steel-troweled surface top the base slab. 
This procedure enables flue walls (as they are heated from within) bow and 
displace themselves outward without any restraint other than that caused 
slight friction between walls and base slab. the flue underground, the 
thermal displacement will become less due the lowered temperature differen- 
tial. cases where the floor the flue below water table, the procedure 
just mentioned should reversed order prevent water from entering the 
flue; that is, flue walls should floor through dowels, and flue 
roof then must rest loosely walls without any continuity. 

connection with time-honored type foundation—namely, that 
octagonal mat with centrally located plinth such used for stacks and 
blast furnaces—it the writer’s belief that ring stresses enormous magnitude 
exist the outer part the mat. The central area (under the plinth) be- 
comes very hot; whereas the ring part undoubtedly remains considerably 
lower temperature. appears that the most satisfactory solution 
vide eight, least four, thick rock-wool joints radially from the edge 
the mat within couple feet the face the plinth. These joints, 
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course, must extend through the full thickness the mat. When placing 
eight radial slots the mat obvious that the less economical four-way type 
reinforcing must adopted. only four slots are used, still possible 
utilize two-way reinforcement. 

The analyses Sections and would seem argue against the use 
hard-grade reinforcing bars unequally heated concrete structures. Inter- 
mediate structural grade bars should used because their greater duc- 
tility. Bars rolled from the milder grades steel offer some degree security 
against the possibility that overstressed structure will partly collapse, 
suddenly, due their capacity for plastic deformation without fracture. 
Herein lies, undoubtedly, one the reasons why number thermally 
overstressed concrete structures are today giving very satisfactory service 
despite development numerous large fractures. 

Much could accomplished toward the exclusion thermal stresses 
concrete foundations designing the equipment such manner pre- 
vent the heat from being transmitted the load-carrying members. The hot 
equipment should kept from coming contact with the concrete, either 
sufficient amount effective insulating material, or, circulating air currents 
that are induced stack action. 

When all feasible, the use overhead steel breeching much more 
preferable than the old style concrete flue. 

Numerous troublesome problems could probably eliminated, least 
simplified, suspending large proportion the hot superstructure from 
carefully chosen key points. The transfer heat from the superstructure 
the foundation would then restricted the isolated key points where 
may dealt with more conveniently. 


APPENDIX 


The following letter symbols conform essentially American Standard 
Letter Symbols for Mechanics, Structural Engineering and Testing Materials 
(ASA—Z10a—1932) and for Heat and Thermodynamics (ASA—Z10.4—1943), 


prepared Committee the American Standards Association, with Society 
representation. 


area cross section, subscripts and denoting and 
respectively 

one half the length chord; 

force; 

unit force unit stress; 
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THERMAL ACTION 


Moment: 
auxiliary moment; 
moment produced differential temperature, At; 
moment unit force; 
ratio elastic moduli, 
radius; subscripts and denoting outside and inside curved 
member, outer radius the side member; 
length arc measured along the neutral axis curved member; 
tie-rod force; 
two faces wall: 
horizontal ordinate distance; 
vertical ordinate distance; 
distances, with appropriate numerical subscripts, Fig. 15; 
coefficient thermal expansion; 
angle curvature beam (Fig. 15) see also and 
change length, the displacement point the result 
differential temperature At: 
increase total span length; 
displacement the midpoint member, with subscripts and 
denote beam” and beam,” respectively 


vertical displacement the end beam (Fig. 2); 
angle curvature beam; construction angle (see Fig. 15); and 
angle curvature beam. 
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Since 1930 large number flood control dams and levees have been 
constructed. Many them are located pervious foundations—a practice 
which would have been considered unsafe the 1920’s. addition, many 
the structures are founded alluvial deposits which usually grade from 
fine materials near the ground surface coarser materials lower portions 
the strata. result, the lower parts the deposits forming the founda- 
tions are much more pervious than the parts, and deep drainage facilities 
are necessary for relieving high uplift pressures downstream from the structures 
prevent serious and alarming boils and seepage. The writers have studied 
this problem over period years anc have developed certain design criteria 
for systems relief wells which provide deep drainage. Application these 
principles has been quite successful and there has been rather large demand 
for information relief well This paper will outline the general 
method design, together with the theoretical and empirical background, 
that can used with full knowledge its limitations well its 
advantages. 


DANGER UNDERSEEPAGE 


The detrimental effect the outcropping underseepage the toe 
dams and levees has long been recognized major problem design. This 
seepage most dangerous when develops the form uncontrolled boils 
the toe. The uplift pressure beneath concrete structures, low weirs, and 
masonry dams sand and the piping sand have been the subjects much 
study. One form solution consists relief wells, which, reputedly, were 
first used Indian engineers the Punjab Irrigation District Punjab, 
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India. Considerable difficulty had been experienced the prevention 
piping beneath low concrete weirs constructed connection with irrigation 
projects. After comprehensive study seepage pressures, was found that 
excessive uplift existed beneath the aprons and that high hydraulic gradients 
were present near the escape gradients. The first and obvious attempt ata 
solution the problem was the installation sheet-pile cutoffs; but, because 
the excessive depth the sand formation and because possible leakage 
through the sheet piling itself, this method was not always effective. After 
considerable experimentation both the field and the laboratory, the method 
treatment finally adopted was the relief well, which allowed exit the water 
downstream from the weir such manner that the uplift pressures and 
escape gradients were reduced safe values. believed, however, that 
the application relief wells earth dams and levees new and that, except 
unusual cases, these wells will reduce, satisfactorily, the uplift pressures 
downstream from dams, and the land side levees, providing con- 
trolled exit for the ground-water flow. 

the usual dangerous condition seepage that may develop, the strati- 
fication such that the over-all horizontal permeability the foundation 
considerably excess the vertical permeability. Therefore, easier for 
the water flow horizontally, and hydrostatic pressures are built the 
foundation the structure. Although this condition exists most frequently 
where relatively impervious top stratum overlies very pervious foundation, 
also exists where the foundation composed entirely sands and gravels. 
Because the stratification more pervious and less pervious materials 
all natural sedimentary deposits, normal for the horizontal permeability 
greater than the vertical permeability. The conclusion that must 
drawn, therefore, that all pervious foundations which hydraulic structures 
are built are susceptible the development detrimental boils uncontrolled 
seepage the land-side toe. 

great number cases low dams and levees, the relatively impervious 
material near the ground surface sufficiently thick prevent the develop- 
ment dangerous boils. Theoretically, the thickness the top stratum 
necessary prevent boils represents effective weight equal the uplift 
pressure the toe. seepage assumed and therefore loss head 
through the foundation, the effective weight the top stratum, provide 
satisfactory protection against boils, must equal the total head. How- 
ever, this case represents impossible situation, and reduction head from 
the river side the land side from 25% 50% not unusual. Thus, 
top stratum with effective weight equal from 50% 75% the net 
head would prevent boils. 

Typical conditions conducive the development dangerous under- 
seepage conditions are shown Fig. The relatively pervious stratum 
usually stratified horizontally that its horizontal permeability greater 
than its vertical permeability and may vary considerably thickness. The 
relatively impervious stratum may variable thickness, may non- 
existent. Where not present, local nonuniformities the pervious layer 
are often such that they can cause boils and piping occur through local 
concentrations flow. 


4 
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All boils are considered dangerous, regardless size volume 
flow. The discharge from boils uncontrolled and there always danger 
piping “quickening” the foundation material which will result 
sufficient movement material complete collapse the structure. 


However, areas that may probably the most dangerous are those 
Water Surface 


Relatively Stratum 
> 


Relatively Pervious Stratum 


RIVER 


Relatively Impervious Boundary 


which, although they not seep actively low head, still have 
cient top stratum withstand the uplift produced higher head. Under 
such conditions sudden rupture the top stratum possible which can lead 
extremely violent boiling and rapid ultimate failure the dam 
levee. one case known the writers, boil broke out under levee, 
removing foundation material sufficient quantity cause the levee settle 
several feet. This incident occurred during the night and numerous guards 
and patrols the levee did not discover until the next morning. 

Another example the action violent boil the failure flood wall 
during the 1943 flood. this case the foundation consisted relatively 
impervious top stratum underlain clean sand. There was indication 
dangerous underseepage until seven o’clock the morning the failure. 
this time small boil broke out approximately from the boil 
was “sacked” (that is, confined sand bags), and directly thereafter another 
boil broke out approximately from the wall. While the second boil was 
being sacked, third boil broke out 100 from the wall. The third boil was 
quite violent and destroyed shed under which had broken out. 
Observers stated that within few minutes the ground between the boil and 
the wall seemed disintegrate and section the wall moved out. 
interesting note that the flood involved had only approximately 
water against and that the average hydraulic gradient the foundation 
was approximately 16. Such value for average gradient has often been 
considered safe even with uncontrolled outlet, but this case indicates that the 
average hydraulic gradient not true criterion safety. 


view the potential danger boils, rather large research program 
the relief uplift pressure was undertaken the Mississippi River Com- 
mission, the Vicksburg Engineer District, and the United States Waterways 
Experiment Station, Vicksburg, Miss. The research consisted largely 
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hydraulic models and electric models, both for designing well systems 
whole and for checking well inflow losses. These models yielded certain infor- 
mation concerning relief well design which has been successfully applied 
several earth dams and which has been augmented various experimental 
observations the field. 

the design well system operating under gravity flow, there are 
certain fundamental considerations. First, the design subject the usual 
uncertainties involved all seepage problems. These uncertainties lie the 
determination the boundaries the seepage flow and the accurate deter- 
mination the effective coefficient permeability the pervious layer 
drained. the usual case, determination the limits the pervious layer 
(which may complicated the existence upstream borrow pits the 
presence lenticular impervious deposits), the solution often cannot ob- 
tained reasonably economical series studies. this true, estimation 
seepage quantity and thus the number and size wells problematical. 
However, the well system very flexible and more and larger wells can 
added any time the first installation proves inadequate. The second 
uncertainty, course, one that can generally solved sufficient explora- 
tion. Several procedures for sampling pervious materials below the water 
table have been developed, but these are expensive and can used econom- 
ically only limited extent. Both these considerations require the 
application judgment based experience obtain reasonable solutions 
complicated geological formations. 

view these conditions, theoretical design for simple case will 
developed only for the purpose showing the relative effect the variables 
involved. The effect these variables can then used aid adjudging 
the proper solution more complicated problems. 

The first consideration that there definite upper limit the quantity 
water which can produced gravity flow system. This quantity 
(Qm), which will designated the the pervious layer, 
can described algebraically according Darcy’s law follows: 


which the effective coefficient permeability the pervious stratum; 
the head source seepage; the length seepage path measured 
direction flow; and the effective area pervious stratum right angles 
the direction flow. 

illustrate this quantity, can assumed that condition exists similar 
that shown Fig. assumed that free outflow face introduced 
the downstream toe the dam, that free inflow face exists the river, 
and that the top stratum impervious, the carrying capacity per foot dam 
then becomes: 


which the depth pervious stratum. Therefore, Eq. representa- 
tive complete drainage relief and drainage system should designed 
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carry this quantity plus reasonable safety factor. Thus, the problem 
relief wells different from the problem usually encountered dewatering 
excavations, for instance, where close spacing number short well points 
the installation additional pump lower elevation can used 
lower the ground-water table further increasing the capacity the wells. 
For relief wells installed effectively, they must placed and de- 
signed that they will either give the desired percentage relief furnish the 
desired percentage the carrying capacity the pervious layer without the 
use pumps without excessive outflow loss head when flowing free. 

For the case illustrated Fig. 
the purpose relief well instal- 
lation should reduce uplift 
pressure safe value. The con- 
cept uplift the top stratum 
somewhat different from that 
uplift beneath masonry structures. 
Consider that column the top 
stratum unit area placed 
container such that head can 
applied its base shown Fig. 
and, furthermore, assume that there 
friction between the soil and 
the container. Let the height 
the soil column the head 
base soil column; the head 
top soil column; the hy- 
draulic gradient; the 
hydraulic gradient (that gradient 
which soil column will start move); the unit weight water; and 
the submerged unit weight soil. The upward force exerted the 
water equal to: 


Pwo = (hy he) (3) 
The resisting force (p,) the soil unsupported the sides the container is: 
The hydraulic gradient is: 
(5) 
and the critical gradient from Eqs. and becomes: 


The design should therefore made with the idea reducing that the 
critical gradient will not exceeded. Normally, values for the critical gra- 
dient vary from 0.7 1.0, depending the submerged unit weight the 
material under consideration, and may that design for safety factor 
1.5 against developing the critical gradient satisfactory. 


. q 

lar 
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For illustration, the case Fig. will considered. This case represents 
condition that might expected along the Mississippi River levees. 
infinite length dam levee and infinite line drive source can assumed 
without too much error, since the river and levee are parallel each other, 

roughly. This condition 

illustrated Fig. The 

line wells considered 

infinite length. The 

assumed infinite ex- 

tent landward (that is, away 

from the river), with the per- 

vious stratum completely sat- 

urated and the top stratum 

impervious, that full river- 

side uplift acts beneath the 

land-side top stratum. The 

last assumption severe, 

the pressure reduction due 

seepage, which was previously 

described, has not been con- 

sidered. Under these condi- 

(b) PROFILE tions, seepage occurring 

the landward and fully 

static condition exists. 

will assumed that the 

pervious layer homogeneous and isotropic. The design the wells consid- 

ered subsequently will such prevent the development the critical 
hydraulic gradient through the top stratum. 

This well system has been studied other far wells 
with strainers completely penetrating the pervious stratum are concerned. 
the well regarded merely hole with clogging the sides (due the 
screen soil contact) and with outflow friction velocity head loss, mathe- 
matical solution the flow characteristics the system, including head 
midway between wells and behind the line wells and the quantity flow 
from the wells, can computed. 

Morris Muskat gives solution this condition but the form general 
with respect the fluid under consideration and the porous 
fore, necessary convert Mr. Muskat’s equation into more suitable 
expression for use studying the seepage water through sand. 

Mr. Muskat gives the following equation‘ (converted the notation this 
paper): 


Line Drive Source 


Impervious 


Flow Homogeneous Fluids Porous Media,” Morris Muskat, McGraw-Hill Book 
Co., New York, Y., Ed., 1937 
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spacing, the radius well, the viscosity the fluid; and the 


which the pressure any point and the distance from line drive 
line wells. Eq. 7a, flux coefficient defined as: 


For these formulas the z-axis corresponds the line drive and the 


y-axis passes through well. The head the uniform pressure 


maintained the drive,” and the pressure the well, such that 
The thickness, the sand stratum unity. 

For point the line wells midway between two the wells and 
Only one point and will considered, since the pressure the 
same all such midpoints. Substituting the values for and and letting 


equal the unit pressure point Eq. becomes: 


Therefore, 
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Curves representing Eqs. have been reproduced Fig. 
these charts possible determine the flow per well, and the head midway 
between wells, for infinite line wells completely penetrating pervious 
stratum fed from line source parallel the line wells. the effective 

diameter and the spacing for the 

wells assumed and the seepage 

boundaries and the net head are 

known, the seepage quantity and 

the pressure midway between the 

wells may found; but, pre- 
viously stated, these determina- 
tions hold true only for the cases 
here well poi 
where the actual well points com- 


pletely penetrate the pervious 
stratum. 

(a) HEAD MIDWAY This usable solution for 

BETWEEN WELLS such wells. However, the per- 

vious stratum very deep, the cost 


Values 


well strainer large, particularly 

the size well increases. Larger 

strainers are very expensive, 

the cost drilling large wells. 

Therefore, was deemed necessary 

study partly penetrating well 

systems. this connection, the 

term penetration” 

FLOW PER WELL will used, referring not the 

PER UNIT DEPTH total percentage thickness 

pervious stratum through which 

100 both strainer and riser pipe pass, 

Values but only the percentage the 

alone. 

exact mathematical solution available for studying partly penetrating 
wells. series hydraulic model tests performed the Waterways 
Experiment Station, augmented electric analogy model tests performed 
the Vicksburg Engineer District Laboratory, have yielded empirical data from 
which design curves were developed. brief description the two methods 
analysis pertinent. Hydraulic seepage models are constructed the 
same horizontal and vertical scale, and the permeability coefficients the 
various materials are selected that the same ratio coefficient 
bility maintained between the various parts the model exists 
the various similar parts the prototype. Usually the actual values the 
coefficient permeability chosen are somewhat higher for the model than 
the prototype speed the action the model and reduce capillary 
effects, which are greatly out scale the model. Hydraulic models 
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subject several disadvantages such the capillary effect, high cost, and the 


clogging the voids the model material air solution the water. 


Also, fairly large model must constructed and the degree control over 
the model sacrificed for size. However, the models have very definite 


value indicating, qualitatively, the effect various drainage systems; and 
they give better visual picture seepage conditions than any other possible 
type study. addition, the models allow range coefficient permea- 


bility which cannot reached electric analogy model. Electric analogy 
models are based the fact that law governing the flow electricity 
and Darcy’s law governing the laminar flow seepage are analogous. Since 


this condition exists, the flow characteristics both the seepage and the elec- 


tricity are the same, and similar results can obtained from hydraulic models 
and electric analogy models. description the hydraulic electric analogy 


has been given ASCE, and others. Electric models have 


the advantages being relatively inexpensive and quickly constructed. They 
are small and can accurately controlled. However, attempts the writers 
vary the permeability coefficient over wide range have not been successful. 
Furthermore, the only seepage systems that can readily modeled are those 
completely enclosed impervious material those without free seepage 
surface. 

Therefore, probable that combination few hydraulic models with 
larger number electric models for seepage problems this type forms the 
best basis for study, and such approach was used the investigations. 

Several hydraulic models run the Waterways Experiment Station 
illustrate the effect partly penetrating wells and well spacing under the 
aforementioned conditions. However, this case the conditions simulated 
consisted pervious layer that was more pervious toward the bottom. The 
top stratum was thick with coefficient permeability 0.005 
per sec. The underlying pervious stratum consisted two layers—the 
upper one thick with coefficient permeability 220 per 
sec and the lower one thick with coefficient permeability 3,700 

The ratio permeabilities this case about 415,000. The river- 
side upstream end the two pervious strata was exposed directly the 
head the river side the levee pervious bulkhead, arranged 
simulate the existence the river distance about 650 from the center 
line the levee. impervious bulkhead was provided the land side 
downstream distance simulating 1,270 from the river shown Fig. 
The levee simulated was high and the maximum head was above 
the land-side toe. The cross section was that Mississippi River levee. 


The length levee simulated, measured along the levee center line, was 190 ft. 


The first experiment (Fig. 5(a)) was run with special treatment for 


control underseepage. Without drainage, was found that practically the 
full head applied the river side the levee acted uplift under the land- 
top stratum. This condition expected the model, since, without 


and Seepage Under Dams Sand,” Harza, Transactions, ASCE, Vol. 100, 1935, 
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Standard Ottawa Sand per Sec 
With Exception Relief Wells, This Section Typical for (b), (c) and (d) 


Proposed Well Location. 
Landside Bulkhead 
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(a) EXPERIMENT WELLS Stage; 7.5 


Relief Wells 


Pressure Head, Prototype, Feet 


Indicated Pressures 
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o 
Prototype Elevation, in Feet 


EXPERIMENT WELLS 20-FT CENTERS; PENETRATION, INTO 
UPPER PERVIOUS STRATUM; PERFORATION, BOTTOM WELL ONLY. 


(c) EXPERIMENT WELLS 20-FT CENTERS; 
PENETRATION, INTO LOWER PERVIOUS 
STRATUM; PERFORATION, LOWER WELL 
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Stage, 20.0 
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Prototype Elevation, in Feet 


(d) EXPERIMENT EFFECT VARIATION WELL SPACING; 
PENETRATION AND PERFORATION SAME EXPERIMENT 
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movement water through the foundation material, there can loss 
head—the pressure drop being caused the friction loss resulting from flow 
seepage water through the sand. The pressure the model had not appre- 
ciably diminished distance 600 from the levee. Thus, more leakage 
would occur the field and some reduction pressure would therefore 
expected the prototype. The maximum head shown 7.5 ft. This head 
was the highest that could built up, 10-ft head created boils, indicating 
critical gradient the model approximately 

The second experiment utilized wells placed shown Fig. 
would expected, the wells had little effect the uplift pressure, because 
they did not penetrate the most pervious material have sufficient area 
well screen. 

third experiment utilized wells spaced intervals along the 
land-side toe the levee. The wells extended through the upper pervious 
stratum and the effective well point pierced the lowermost pervious 
stratum. The results this experiment are shown Fig. 5(c). The major 
conclusion that may drawn from this experiment that properly designed 
system wells will relieve the uplift pressure effectively. uplift 
pressure damages the land-side top stratum, this critical pressure corresponding 
uplift has been moved back well under the levee the wells and 
almost the full height the levee section available resist it. Such con- 
dition safe. Increasing the percentage penetration greatly reduced uplift. 

fourth experiment (Fig. 5(d)) was run demonstrate the relatively small 
effect varying the well spacing within reasonable limits. this case the 
head was kept constant and safe value for uplift was obtained 
using 20-ft, 40-ft, 60-ft, and 80-ft well spacing. ‘The effect the well spacing 
uplift pressure will discussed subsequently. The effect varying the 
spacing quite small. Wells spaced 20-ft centers gave 93% relief whereas 
those 80-ft centers gave 


86% relief. 
attempt was also made Support 


independently the Vicks- 
burg Engineer District Labo- 
ratory obtain similar infor- 
mation from electric analogy 
models. the case the 
electric models, homogeneous 
pervious stratum 
The first model was set 
penetration. examination Fig. will show how closely the model 
checked curves obtained from the Muskat formulas. Therefore, was assumed 
that this check verified the use the models and the case partial penetra- 
tion wells was studied the remaining models. 

diagram showing how the models were set shown Fig. The 
models consisted small wooden flume, 3.17 in. wide, in. deep, and in. 
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long. The inflow region was represented solid sheet copper one end 
the trough and the well copper wire, sized scale (0.0125 in.) 
sufficient distance from the other end the flume avoid distortion the 
flow pattern—that is, the distance the well from the source was 28.55 in. 
Provision was made for adjusting the depth penetration the wire. The 
pervious stratum was simulated filling the flume the desired depth with 
sodium chloride solution. 


1.0 


= 

Ss 

c 


Distance from Solid Electrode, Inches 


plot typical data obtained from electric analogy model shown 
Fig. Since the model represents the part the seepage system drained 
one well, evident that the line along which the data were taken corresponds 
line the surface the pervious stratum midway between two wells and 
perpendicular the line wells and the line drive source. Therefore, the 
head midway between the wells can read directly from the curves 
fraction the head, voltage the model. Since the head decreases uni- 
formly with distance over major part the system, the flow uniform 
that part the system and the total flow per well can calculated using 
the total cross section the flow and the gradient given the straight-line 
part the head distribution. 

interpret the model studies conveniently, term called length” 
introduced. This term refers the resistance flow into the wells. 
considered that seepage system flowing out through vertical outflow 
face which offers resistance the escape water, the most effective possible 
pressure relief produced. any other system outflow introduced, the 
system has acquired more total resistance flow which may expressed 
additional length pervious stratum. This additional length will 


Extra Length 


Values of 


de 
sit 
Penetration: 
25% 
50% 
Head Midway 
: on 


June, 1946 RELIEF WELLS 793 


designated “extra length” and can determined from the model test results 
shown Fig. Also, the head midway between wells can found 
similar manner. 

The important facts that can gained from study the data are that: 
(1) The length the strainer has more effect the effectiveness the well 
system than any other factor; (2) the seepage quantity falls off rapidly; and 


Pipe 
Seepage discharge 
quantity® friction 
loss (ft) 
Negligible 
Negligible 
Negligible 
Negligible 
Negligible 
Negligible 
Negligible 
Negligible 
0.036 
0.066 
0.144 


Midway between wells. cubic feet per second for stations 100 apart. 


(3) the head midway between wells rises rapidly the penetration drops below 
25%. examination Table which gives results numerical example 
worked out the writers, shows plainly that well size and well spacing have 
only minor over-all effects within the limits studied, provided the wells are 
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large enough carry off the seepage quantity. The curves Fig. which 
were plotted from the electric model studies, will readily yield head midway 
between wells and seepage quantity from line well system producing from 
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“line source for any assumed spacing and for 25%, 50%, and 100% 
penetration. The curves for flow Fig. are used first. From assumed 


well spacing and well radius 


can found 


the effective radius). From this the extra length and can computed, 
using the formula, 

khad 


Then the curves Fig. 8(b) are entered with the same value anda 


solution for possible. should noted, however, that the 
the effect frictionless wells closed seepage system. consideration 
has been given leakage through the top stratum, losses due inflow into 
the well, losses due outflow pipe friction. These factors are utmost 
importance, especially when the seepage quantity large. 

The well design curves can applied great number cases utilizing 
the well design only one part the seepage system. can assumed that 
there further inflow seepage the. pervious stratum between the line 
wells and the upstream toe the levee possibly the upstream toe the 
core ofadam. reduced head can utilized, obtained from the ratio total 
resistance flow either side this point, and the assumptions made 
developing the curves will then apply quite accurately. The reduced head will 
depend, course, the upstream soil conditions such width and thickness 
blanket and the upstream dimensions the pervious layer. considering 
the system whole, the outflow resistance the wells, the flow between the 
line drive and the assumed point, the flow between the assumed point and the 
wells, and the upstream part the seepage system must all considered. 
this done, reliable design can obtained. Although head midway be- 
tween wells and seepage quantity can estimated from the curves Fig. 
only very simple cases can the curves used directly. Seepage quantities 
may considerably error due the uncertainties assumptions 
effective permeability the stratum and its boundaries previously described. 

When well problem solved, reference such curves might lead 
the conclusion that 2-in. wells will carry very large quantity water. 
may found, however, this quantity seepage would entail extremely 
high friction loss escaping from the well. Since such head losses must 
added the pressure beneath the top stratum, and since they reduce the flow 
expected from the wells, they may greatly impair relief effectiveness. 
Under conditions extremely high permeability coefficients the pervious 
stratum, the outflow loss will therefore the controlling factor the design 
and must considered, regardless the results given the curves con- 
cerning the size well required. 

From the foregoing discussion evident that the design the well sys- 
tem complicated problem, but one that can solved reasonably well 
judgment used. However, design trying various well sizes and spacings 
can made installations existing structures about which information 
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not available sufficient detail for theoretical study—because system that 
too small will some help and the flexible nature well systems allows 
additions made required. 


INSTALLATION RELIEF WELLS 


Whenever possible, well systems should installed before danger develops, 
but they may placed they were the Fort Peck Dam Montana with 
considerable head against the dam levee. The wells are placed cased 
drill holes. The casing withdrawn from around the well point and the riser 
pipe, and the hole backfilled. Installation the wells with water behind 
the dam levee, however, should done only with the greatest care and only 
cases extreme emergency when other methods cannot used. 

The part the riser pipe which penetrates the top stratum should back- 
and tamped with extreme care. mixture sand with about 10% 
bentonite makes excellent backfill material and believed generally prefer- 
able local material since the mix can used the form moist balls 
cut off any flow water into the hole and the mixture can then tamped 
successfully the dry. 


EXAMPLES THE RELIEF WELLS 


Various methods controlling underseepage are general use—trench 
sheet-pile cutoffs, upstream blankets, and various types gravel-toe drains. 
All these methods have been used with success and have proved satisfactory 


where foundation conditions were favorable. However, these methods are 
not effective economical large number cases, and preferable under 
suitable conditions install relief wells provide the necessary pressure relief. 
Where the loss water not item and where surface drainage the 
can readily achieved, relief wells are considered more economical 
and more generally satisfactory than any the foregoing methods. However, 
some cases, advisable employ other methods conjunction with the 
relief wells, particularly for drainage the dam levee embankment itself. 

The most outstanding example the use relief wells the Fort Peck 
Dam. The foundation consisted extremely tight, practically impervious 
stratum clay overlying very pervious sands and Although sheet- 
pile cutoff was driven shale, sufficient leakage occurred through the pile 
cutoff develop high hydrostatic pressures the downstream toe that pro- 
duced head above the natural ground surface. This uplift pressure 
was first observed installed the pervious sand and gravel 
foundation. The first surface evidence the high hydrostatic pressure came 
the form high discharge from old well casing that had been left place. 
was recognized that this high uplift pressure was dangerous. Therefore, 
consideration was given methods effecting its release. board con- 
sultants, consisting Joel Justin, McAlpine, and Arthur Casagrande, 
all Members, ASCE, and Middlebrooks, Assoc. ASCE, made com- 
study the problem and recommended the immediate installation 


Peck Slide,” Middlebrooks, Transactions, ASCE, Vol. 107, 1942, 723. 
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relief wells 100 outside the toe 50-ft centers. Since was considered 
imperative that the installation made quickly possible, 4-in. and 
well casings, available the site, were slotted with cutting torch and installed 
the pervious stratum with solid pipe extending the surface. afford 
some relief over the full length the affected area, the wells were first spaced 
approximately 250-ft centers. After intermediate wells were installed, 
making the spacing 125 ft, was evident that satisfactory relief could probably 
provided this spacing rather than the originally proposed 50-ft spacing. 
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This theory was shown true after extensive testing program, and the 
spacing was left 125 ft. The results obtained from this installation are 
shown Fig. Special attention called the facts that the hydrostatic 
pressure the toe was reduced from approximately about and 
that the total flow from all twenty wells averaged around per sec. 
definitely concluded that the installation entirely satisfactory. 

The foundation for the Great Salt Plains Dam Oklahoma consisted 
approximately pervious sand, varying from fairly fine sand near the 
surface medium and coarse sand immediately above the rock. the design 
the structure, was considered adequate control the saturation line the 
structure and relieve the seepage, partly, the foundation horizontal 
drain installed about the midpoint the downstream slope. Because 
the development small boils the toe when the reservoir head reached 
approximatley (maximum ft), was evident that the foundation 
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seepage was by-passing the drain the dam, since the horizontal permeability 
the lower stratum was much greater than the vertical permeability. 
relieve this situation, relief wells were installed the downstream toe. Al- 
though the maximum head has not yet been experienced, the functioning 
the wells the lower heads indicates entirely satisfactory performance. 

Foundation conditions Sardis Dam Mississippi consisted deep 
deposit sand with irregular horizontal strata more impervious material. 
the design the dam, relatively impervious blanket was extended from 
the core 1,000 upstream; and natural blanket, except the narrow river 
channel, extended for unlimited distance the reservoir. addition, the 
top stratum less pervious material was excavated beneath the downstream 
section the dam and backfilled with more pervious material connecting into 
horizontal drain. The first filling the reservoir showed considerable seep- 
age, was expected. However, the existence hydrostatic pressures 
downstream from the dam was evidenced small boils the toe and the 
increase flow into sides the dredge borrow area downstream. Relief wells 
were installed along the downstream toe and have been operation for several 
years. addition the regular relief well system this dam, large num- 
ber different types wells were installed; and their effectiveness, evi- 
denced their flow quantities, was studied. was discovered that porous 
concrete pipe and even wooden pipe surrounded suitable gravel filters could 
used satisfactorily for this type installation. was found that large 
gravel-filled wells are inefficient. 

The installation the Arkabutla Dam Mississippi believed the 
first installation relief wells included the original design adam. This 
dam was designed and constructed the Vicksburg Engineer District the 
Engineer Department and the board consultants the dam were 
Joel Justin, Harza, McAlpine, and the late Floyd, all 
Members, ASCE, and Glennon Gilboy, Assoc. ASCE. The wells were 
installed 25-ft centers and were approximately 100 inside the downstream 
toe. The foundation Arkabutla Dam consisted approximately 
impervious redeposit loess over very pervious sand and gravel deposit. The 
reservoir has not been filled high elevation, but low levels indicate that the 
performance the wells entirely satisfactory. this case, the excavation 
adequate drainage trench would involve excavation from about 
below the ground-water table. The cost was estimated approximately 
$300,000. However, the well installation, the cost which was about $27,000, 
apparently serving the same purpose adequately. 

example installation for levee foundation that Lawrenceburg, 
Ind. The levee foundation the vicinity Lawrenceburg consists 
overburden relatively impervious material overlying deep stratum 
water-bearing sand and gravel. The levee practically rings the town; and, 
expected, considerable underseepage occurred even moderately low 
tiver stages. When the old levee was enlarged, system drainage wells 
was installed along the inland toe the new levee. was the purpose 
these wells insure the stability the levee and not relieve all uplift 
pressures and underseepage completely. This system has been subjected 
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two moderately high floods and has been generally satisfactory. Seepage did 
occur low areas the town and some places along the levee toe, and 
expansion the well system will probably required provide positive 
control during higher river stages. this place, and other locations where 
the valley deposit extremely deep and exposed directly the river, may 
impossible take out enough water relieve all uplift pressures completely 
and prevent outcropping seepage the land side the levee. However, 
believed that, most cases this type, sufficient water can released 
insure stability the levee against dangerous boils. 


The writers not recommend relief wells the most economical and 
satisfactory drainage system for all dams and levees, but does appear that 
they have proved themselves have definite possibilities and especially 
suited for certain drainage conditions. However, since takes some pressure 
(which represented the head midway between and behind the wells) 
make them operate, their discharge must placed below the downstream 
ground surface, avoid underseepage completely. Likewise, will probably 
only unusual cases that the wells can used for drainage the dam 
levee section. However, they can combined with section drainage which 
will result more economical system. Also, doubtful that wells can 
made stop large channelized boils areas thin top stratum, unless 
they are pumped, unless they discharge some distance below the ground 
surface. However, spite their limitations, they should prove very effective 
and economical where deep drainage required, and many cases they can 
used with great economy conjunction with the other types drainage 
systems. Experience has shown that large wells (6-in. minimum inside diam- 
eter) and deep penetration, full where practical, are necessary for highly efficient 
operation. 
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ADVANCES SEWAGE TREATMENT 
AND 
PRESENT STATUS THE ART 


THIRD PROGRESS REPORT THE 
COMMITTEE THE SANITARY ENGINEERING DIVISION 
SEWERAGE AND SEWAGE TREATMENT 


The first report the Committee Sewerage and Sewage treatment (1)! 
covered the period ending with the year 1941. The second report (2) covered 
the years 1942 and 1943, with greatly curtailed civilian activities and difficul- 
ties operation and maintenance. This report covers the years 1944 and 1945 
and the beginning the reconversion from war peace. 


PROSPECTS 


view all the delayed civilian work, the prospects appear excellent for 
the active construction sewers, sewage treatment works, and garbage and 
waste disposal works the postwar period. However, although such projects 
appear readily financed, the economic aspect leads hesitation. During 
the reconversion period (if the experience following World War any guide) 
for number months, prices tend rise. Skilled labor scarce and de- 
mands higher rates. Contractors are unwilling bid work and such bids 
may received appear high. The productivity labor uncertain. 
Taxes are high. Experienced engineers are scarce. After period months, 
the various elements coalesce, and basis pricing emerges which may persist 
for several years. Consequently the activity public works may delayed 
year more. Only necessary work for public health, such water supply, 
sewerage, and prevention sewage industrial pollution water supplies, 
seems likely pressed. However, the wise community will survey its 
problems, and develop plans for future use. 


RESEARCH 


The annual review the literature sewage and waste treatment and 
stream pollution the Committee Research the Federation Sewage 


forward all comments this report directly Chairman Langdon Pearse, 910 South 
Michigan Ave., 7th Floor, Chicago Progress Reports are published Proceedings only. 
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Works Associations (3) continues summarize the art each year from the 
research, laboratory, and operating standpoints. That committee (3b) also 
listed eighty-two research projects underway various localities throughout 
the United States. These are divided into four groups—sewage, industrial 
wastes, stream pollution, and analytical methods. Forty six deal with in- 
dustrial wastes. Thirty-five problems are further suggested for investigation. 
The most important change trend research industrial waste has been 
the increased problems under investigation the pulp, paper, and paperboard 
industry, which has formed the National Council for Stream Improvement (4). 


States HEALTH SERVICE 


Under the Public Health Service Act 1943 (5) the functions the Public 
Health Service were placed four administrative units under the Surgeon 
General: Office the Surgeon General, National Institute Health, Bureau 
Medical Services, and Bureau State Services. The Sanitary Engineering 
Division functions under Assistant Surgeon General the office the 


Surgeon General, with engineering and sanitation personnel 490. The 


division supervises the sanitation interstate carriers and milk and food 
supplies and further maintains water and sanitation investigations service 
Cincinnati, Ohio. Recent research was largely concerned with problems 
water and liquid-wastes sanitation connected with the war effort. collabora- 
tion with the Engineer Corps, the division has studied the sanitary value 
low-water stream-flow control various rivers. Attention has also been 
given sanitation facilities areas emergency employment, vessel 
sanitation, and facility security. national inventory the needs for 
sanitation facilities, now under preparation, indicates such facilities may cost 
approximately three and half billion dollars. 


FEDERAL LEGISLATION POLLUTION 


number bills are now before the 79th Congress the subject water 
pollution control: House Representatives Bill No. 519 and Senate Bill No. 
535 (identical bills); House Representatives Bill No. 587 and Senate Bill No. 
330 (practically identical); and House Representatives Bill No. 4070 and 
Senate Bill No. 1462, Spence and Barkley (identical). These bills are 
different types. House Representatives Bill No. 519 and Senate Bill No. 
535 propose establishing National Board Water Pollution. Control, with 
nine members (four Cabinet members; the Surgeon General, United States 
Public Health Service; and two Senators and two Representatives, ex-officio, 
different from the board). The commission apparently for fact-finding, the 
board for fixing standards and granting loans. The discharge wastes into 
the navigable waters the United States would held public and common 
nuisance. appropriation $250,000 per year suggested. 

Another type (House Representatives Bill No. 587) would create 
Division Water Pollution Control the United States Public Health Service 
prepare plans for water pollution abatement. For this purpose 
ation $50,000,000 would available for grants aid for the construction 
sewage and industrial waste treatment facilities (limited 334% the cost 
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labor and materials). board five (four engineers from the Public 
Health Service and the Chief Engineers, Army) would review applica- 
tions for grants and make special studies. Three years from the effective date 
the proposed act, legal action the appropriate federal court would 
mandatory for the abatement any water pollution violation water 
quality established the board. 

House Representatives Bill No. 4070 proposes establish the 
Public Health Service responsibility for administering comprehensive national 
program for stream pollution abatement and prevention. Federal legal control 
over water pollution would not established but federal financial aid would 
extended and state control activities strengthened and coordinated. Water 
Pollution Control Advisory Board would established review the policies 
and program the Public Health Service. The bill would authorize 
appropriation $500,000 per year for expenses administration, $100,000,000 
per year for grants and loans (up 50% the project cost), and, addition, 
$1,500,000 for state aid. 

Policy the Public Health Service Relative Federal Legislation 
Water Pollution general magnitude and importance the water 
pollution problem the United States, and its relation the uses 
water and the public health have been well established. Likewise, the inability 
state and local authorities control the pollution interstate waters ade- 
quately without the assistance the central coordinating agency has been 
demonstrated over the years. generally récognized that there need 
for federal legislation provide both stimulus water pollution abatement 
activities and the necessary coordination existing control authorities. 

The Public Health Service has been engaged for many years the 
investigation interstate water pollution problems, individually and co- 
operation with state and federal agencies. This activity has been limited 
scope since has, necessity, been confined investigations. 

The Public Health Service interested any federal legislation 


dealing with the pollution control interstate waters which provides for the 
following items: 


federal agency act coordinator and adviser matters pertaining 
water pollution and its abatement, with authority carry investigations 
and other activities necessary for developing more efficient methods treat- 
ment sewage and wastes and for preparing comprehensive water pollution 
abatement programs. 

Authorization for appropriations funds sufficient amount permit 
the federal agency carry the duties assigned properly. 

advisory board the agency, the membership which will include 
representatives federal agencies officially concerned with uses and control 
water resources which may affected pollution. 

Permission for states form interstate compacts for cooperative effort 
the prevention and abatement pollution interstate waters. 

Authorization for appropriation funds for allocation states for 
promotion, investigations, and preparation engineering reports and plans 
for the prevention and abatement water pollution. 


the 
out 
rial 
in- 
ard 
eon 
eau 
ring 
the 
The 
ood 
vice 
alue 
for 
cost 
ater 
No. 
and 
No. 
with 
ates 
icio, 
into 
mon 
tea 
tion 


rer 


802 SEWAGE TREATMENT Reports 


Authorization for appropriation funds for grants-in-aid loans 
civil subdivisions government and loans persons for the purpose con- 
structing sewage and waste treatment works. 


Continuing interest the federal authority the efficient operation 


completed projects insure that maximum benefits are derived from improve- 
ment works which federal funds have been expended. 


The Public Health Service makes recommendations this time 
relative the nature degree regulatory enforcement provisions 
water pollution control legislation. The decision the extent which the 
federal government should provided with and exercise police powers the 
control and abatement water pollution matter primarily legislative 


policy determined the Congress. 


POLLUTION SURVEYS 


the past two years only few pollution surveys have come the atten- 
tion the committee. The most interesting are those the Potomac River 
and waterways Oregon and Washington, particularly where wastes from 
sulfite pulp and paper mills are prominent. 

Potomac River Pollution preliminary report thePotomac River 
Basin (6) covers watershed 14,500 miles and river with 390-mile course 
flowing through areas forest and farms, industries, and communities vary- 
ing size, with total population more than 2,000,000. There are more than 
154 communities with population more than 500, which Washington, 
C., contributes two thirds the sewage pollution. Fifty communities have 
public sewers. The industries are scattered, with equivalent population 
495,000 entering the streams and after treatment, 
there total equivalent population 1,500,000 from industrial and sanitary 
sources. About 172,800 acid per day are discharged the drainage from 
active and abandoned coal mines. Yearly, 196,000 silt are deposited 
tidewater navigation channels. The control mosquitoes and water 
chestnuts investigated. The Interstate Commission the Potomac 
River Basin operates under compact between the District Columbia, 
Maryland, Pennsylvania, West Virginia, and Virginia. 

Snohomish River—The Washington State Pollution Commission has made 
survey the pollution the Snohomish River drainage area (7), which 
enters Everett Harbor. This river formed the junction the Skykomish 
(maximum 79,000 per sec; minimum, 311 per sec) and the Snoqualmie 
(maximum, 51,000 per sec; minimum, 311 The high stage 
may more than 125,000 per sec; the low somewhat less than 1,000 
persec. The drainage area miles, with urban population 
44,000, which 30,000 Everett. The river system supports both 
commercial and sport fisheries. Aside from the two big pulp mills and the 
canneries, there only industrial population equivalent 1,575, plus 
small pulp mill equivalent 10,000 population. 

Lake Washington and Lake Washington Canal—The Washington State 
Pollution Commission has also made (8) extended survey the pollution 
Lake Washington and the Lake Washington Canal, which connects the lake 
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with Puget Sound. Washington body fresh water used for bathing 
the west shore and some degree for water supply the east shore. 
certain areas bathing banned. some localities the shore thickly popu- 
lated. program for elimination pollution 

Along the Lake Washington Canal (9) are various industries. The water 
used for recreation (boating, etc.) but not for drinking. The principal 
source industrial pollution gas generating plant, with occasional heavy 
discharges oily wastes. The handling municipal sewage presents prob- 
lem. 

Columbia comprehensive survey (10) 68-mile section the 
lower Columbia River was made Lincoln and Foster. The river 
flow varies from 70,000 pér sec 270,000 per sec and receives the 
sewage from more than 323,394 persons cities and wastes from sulfite pulp 
and paper mills with total production about 1,400 tons per day. 1940 
the total population above the Bonneville Dam was 1,322,000 (on 202,700 
miles) and below the dam, 822,000 (on 17,500 miles). The dispersion the 
wastes poor. The sulfite waste stimulates growth Sphaerotilus natans, 
which clings nets certain areas and handicaps fishing. The main channel 
river water, well below all sources pollution, has average biochemical 
oxygen demand under 2.0 ppm and dissolved oxygen content 
ranging from 8.1 12.3 ppm. evidence was found that the pollution has 
decreased the salmon runs the river. The recommendation made that the 
waste sulfite liquor properly dispersed that the concentration when diluted 
below ppm. 

Harbor Pollution—Among the harbor pollution studies are the reports 
the Washington State Pollution Commission the pollution Grays Harbor 
(11) waste sulfite liquor time low flow the Chehalis River, which 
enters the tidal harbor and the pollution Everett 
Harbor (12) waste sulfite liquor. both cases aquatic and fish life were 
damaged times oxygen depletion. 

the case Grays Harbor the wastes are from mills producing 250 tons 
sulfite each ton pulp produced, 200 lime and 300 
sulfur are required. From the manufacture ton pulp, about 1.2 tons 
solids are produced, which are contained nine tons waste sulfite liquor. 
This liquour acid, with definite oxygen demand around 0.52 tons 5-day 
per ton pulp. The Pollution Commission believes that 5.0 ppm 
dissolved oxygen minimum for fish and aquatic life. Cheyne and 
Foster, Jun. ASCE, recommend (12) proper dispersion the waterway 
that the waste sulfite liquor nowhere exceeds ppm and the dissolved oxygen 
never less than ppm. 

The pollution entering Everett Harbor estimated more than 4,561,135 
population equivalent, which 4,500,000 from two large sulfite pulp mills, 
directly the harbor. 

Odor Nuisance Studies the 1943 Report the 
Nuisance the Madison Lakes (13), Lackey and Sawyer (14) 
summarize plankten productivity. The survey Madison, Wis., lakes 

Mendota, Monona, Waubesa, and Kegonsa indicates that nonagricultural 
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drainage the main contributor inorganic nitrogen and phosphorus— 
receiving 168 nitrogen per acre per year. From 46% 51% the nitro- 
gen converted organic forms those lakes. Phosphorus supplied 
the sewage. 

The findings the lakes Madison are confirmed (15) study 
twelve other lakes southeastern Wisconsin, which about the same species 
plankton, algae, and protozoa and the minimal necessary fertilizing elements 
are found. The number blooms (or high peaks production) for any all 
species appears coincide with the amounts plant nutrient material avail- 
able. Those lakes containing the greatest amounts nitrogen and phosphorus 
and, inference, other plant nutrients well tend show the greatest total 
number organisms, the largest number blooms, the greatest volume 
animals and plants, and the greatest number any particular species. 

Interstate Sanitation Interstate Sanitation Commission 
has issued eight annual reports (16), reviewing the conditions the tidal waters 
and the control pollution. 1944 about 522 mgd were treated, which 
430 mgd met the compact requirements. The resident population 10,900,000 
which about one half served sewage works. The total flow about 
1,500 mgd. From 780 mgd, about 850,000 sludge removed daily—or 
153,000 tons year. 

Interstate Commission the Delaware River has made its 
ninth (17) annual report summarizing the investigations the commission 
water supply diversion projects, postwar public works programs, the Schuyl- 
kill River project, and stream pollution abatement. 


Among the phenomena wartime conditions the change the sewage 
many communities, both from the standpoint the content B.O.D. and 
suspended solids and also from that industrial wastes. The Sanitary 
District Chicago, the human population estimated have decreased 


TABLE Four Masor TREATMENT 


Description 1941 1942 1943 1944 


Average per month 6,512,000 6,693,500 6,594,000 7,149,900 6,785,700 
Maximum month 7,398,000 | 6,945,000 | 7,755,700 -| 7,172,400 | 8,137,800 | 8,036,100 


The full twelve-month year involved each case except 1940 which represents data for the nine 


months, April through December. According the Federal Census Report, the known population 
1940 was 3,962,514. 


slightly since 1940, with marked increase the total equivalent population 
(Table 1), and including 1944, and then with marked decline 1945, 
from January through August. 1944, the August average was 7,014,000; 
1945, was 5,548,200. 
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five industrial cities Indiana Bloodgood, Assoc. ASCE (18), 
notes increase 1944 sewage flows over those 1942, follows: 


City Flow increase (%) 


Milwaukee, Wis., James Ferebee, ASCE, reports (Table 
increase flow and strength from 1939 1944, with practically change 
1945. 


TABLE 2.—Data AND STRENGTH SEWAGE 


(ppm) 
Sewage flow Equivalent 
Year Population (mgd) 
Screened sewage Effluent 


8.8 

700,058 120.3 256 12.9 1,541,100 
124.2 277 17.7 1,720,000 
128.0 309 23.9 1,970,000 
1943 128.0 302 20.6 1,930,000 
1944 750,000 122.3 336 19.2 2,050,000 


Based 0.167-lb, 5-day B.O.D. per capita. Plant extension operation. 


Operation Army Sewage Treatment release data the 
operation army sewage treatment works continues restricted. Under 
the auspices the National Research Council, through its Committee Sani- 
tary Engineering (Abel Wolman, ASCE, chairman) Sub-committee 
Sewage Treatment Military Installations (fourteen members, including 
chairman) reviewing the material made available the War 
and Navy departments. The data are being compiled under the direction 
Harold Thomas and Gordon Fair, Members, ASCE. 


GREASE RECOVERY 


The grease recovery Army Sewage Treatment Works has been discussed 
Rolf Eliassen, Assoc. ASCE., and Schulhoff (19), with comments 
various types devices available. Analyses Army sewage for grease 
content indicate daily averages from ppm 250 ppm petroleum ether 
soluble matter, with peaks running 1,000 ppm for short periods. This 
caused part the fats the spent dishwater; the amount soap used 
bathing, ete., and the laundry water. 

One the important factors the variation grease content the fre- 
quency and reliability grease trap cleaning. Such cleaning has been at- 
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tempted two three times week. the grease escapes, problems develop 
pipes and sewage treatment devices. 

Various auxiliary devices have been suggested increase the removal 
grease primary settling tanks such as: (a) Plain skimming tanks; chemi- 
cal precipitation; (c) diffused air aeration; (d) mechanical aeration; aero- 
chlorination; and (f) vacuum flotation. study various types equip- 
ment Messrs. Eliassen and Schulhoff conclude: 


Diffused air aeration had appreciable effect increasing grease re- 
moval over the removal accomplished plain settling. 

Aerochlorination with ppm ppm chlorine gas added the air 
being diffused into the sewage had effect increasing grease removal. 

Mechanical aeration increased the removal grease small per- 
centage when grease was present the raw sewage concentrations more 
than 100 ppm. Approximately 50% the grease was removed the aeration 
unit. 

Aerochlorination with ppm chlorine gas showed further increase 
grease removal beyond that obtained the mechanical aeration. 

Vacuum flotation increased the removal grease small percentage 
when the grease the raw sewage was more than 150 ppm. More than 75% 
the grease was removed the flotation unit. 

Aerochlorination with chlorine ppm added the aeration stage 
preceding flotation showed effect increasing the removal grease. 


Plain settling one the most effective means removing grease from 
raw séwage. 


Gehm (20) shows the ability chemical treatment remove 
practically all the grease from sewage, using copperas. symposium 
grease removal, Dawson, ASCE, and Kalinske, Assoc. ASCE 
(21), explain the design principles for grease interceptors and their testing and 
rating, with particular application hotels, restaurants, and army camp 
kitchens. 

New York, Y., scum collected Wards Island, Bowery Bay, 
Tallmans Island, Coney Island, and Jamaica. The grease content the sew- 
age and recovery follows (22): 


Raw Sewage (ppm)— 
Wards Island 


Grease Final (ppm)— 
Wards Island 

Grease Recovered (ppm)— 
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about 98,000 scum per month 0.8¢ per f.o.b. the plant. This has 
produced revenue about $9,400 per year. One hundred pounds scum 
impurities. 

the treatment works The Sanitary District Chicago, material 
carrying grease has been sold from two sources. For about seven months 
1943-1944 the Southwest Works (which receives practically all the wastes 
Packingtown), total about 187,870 scum was sold 0.55¢ per 
f.o.b. trucks the works. For twelve months 1944-1945, the purchaser 
paid 0.6¢ per and loaded the material into his trucks. Since April, 1945, 
scum has been sold the Southwest Works. the Racine Avenue 
Pumping Station (through which large part the wastes Packingtown 
passes) the following amounts scum were collected and sold (at 1.1¢ per 
during 1943, 1944, and 1945: 


Period Scum 


Since December 1945, the price paid 0.875¢ per lb, under new contract. 
The material from Racine Avenue yields about 35% grease, containing 
unsaponifiable matter. 

Fort Dodge, Iowa (23), first the was rendered and sold for 
Later the scum was sold wet basis lb, containing about 
46% grease, with yield 28%. From July, 1942, April, 1944, the receipts 
were $4,834. 


The general opinion seems that grease should recovered the 
source wherever practical. 


DETERMINATION GREASE 


Symons, Assoc. Members, ASCE (24), with very brief historical introduction, 
followed statement referee committee grease determination report- 
ing the Committee Standard Methods the Federation Sewage Works 
Associations. Grease defined that material which extracted 
from acidified sample sewage petroleum ether (b.p. C.) when 
using the standard procedure outlined the This deter- 
mines grease which causes trouble sewage treatment works. 


Waste OIL 


New Britain, Conn. (25), the greater part the industrial load pick- 
ling waste liquor and industrial cutting Normally the oil arriving the 
plant averages 2.4 per million gal. During World War activity, 


the oil increased maximum 1942, when for weeks 434 oil were 
daily: 


Since the middle 1943, New York City has sold contract average 


| 
| 
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Oil removed per 
million sewage 
t 


The oil occasioned expensive removal and effect the sludge 
was disastrous. The load was reduced the removal the oils and grease 
the source and disposal the city sewage treatment plant 
ator ash was used cover. 

From mill rolling copper sheets (26), about 250 gal oil were discharged 
daily. This oil collected the digesters and stopped digestion. The entire 
contents the digester were dumped into lagoon (capacity 100,000 ft). 
After draining and drying, the sludge-oil mixture was burned. Later oil 
separators were installed. 

Collection Waste Oil—In Baltimore, Md. (27), city ordinance requires 
the daily storage waste oil, crank case drainings, and greases steel drums 
all users such materials. Since 1927, the city has contracted for col- 
lection service. From October 1927, December 4,287,714 gal 
material were collected, 263,860 gal per year, average cost 7.5 mils per 
gal, total average cost $1,970.08 per year. The oil dewatered, purified, 
and sold. 

Reclamation Lubricating Oil—Considerable interest has appeared the 
reclamation used lubricating oil, during World War II, particularly Great 
Britain and its colonies (28)(29). Forbes (30) describes the reclamation 
dual-purpose oils simple purifying apparatus which 
materials and sterilizes such cutting oils for reuse automatic machines for 
lubrication and cooling work and tools. Activated carbon used South 
Africa (31). 

SEWER VENTILATION 


Pomeroy indicates six principal reasons for ventilation sewers: 


eliminate lethal atmospheres; 

eliminate explosive atmospheres; 

reduce corrosion concrete hydrogen sulfide; 

prevent corrosion plumbing buildings gases from the sewer; 
prevent escape odors from the sewer; and 

prevent diminish sulfide generation the sewage. 


The methods usually adopted are: 


Perforations manhole covers; 
Ventilation through house plumbing vents; 
Ventilation forced draft. 
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Ventilation forced draft accomplished blowers which exhaust air 
from the sewer suitable points, Melbourne, Australia, and Los Angeles, 
Calif. Los Angeles there are three installations, the largest which 
located the middle 6-mile section 9.5 12.3 semi-elliptical sewer. 
Two 75-hp blowers discharge 44,000 per min from stacks high. The 
purpose prevent disintegration the sewer. About hydrogen 
sulfide removed per day which, oxidized, would become 180 sulfuric 
acid. 
SAFETY 

Wilt discusses (33) the practical viewpoint safety the American 
mode life, indicating suggestions for precautions, fire protection, first aid, 
toxic and combustible gases, and use gas masks. The occupational hazards 
the operation sewage works are thoroughly covered the 
Practice No. the Federation Sewage Works Associations (34), which 
are listed forty-four accidents which occurred sewage works, which none 
were due chlorine. Recently Monroe, Mich. (35), explosion ac- 
cumulated gas damaged the pumping station and valve house. 

the design gas utilization facilities sewage works Langford, 
Assoc. ASCE (36), urges safety details and primary reliance the funda- 
mentals safe practice the design gas utilization facilities and 
appurtenances, thus minimizing the hazard critical points. 


MAINTENANCE EQUIPMENT 


1944 and 1945 the maintenance equipment sewage treatment con- 
tinued difficult, although delays obtaining material and parts became 
less prolonged. However, copper and other essential metals still are very 
series staff articles Cohn, ASCE, covers (37) the 
maintenance wide range devices sewage works. 

the larger and more highly mechanized plants, such the Southwest 
Works Chicago, the making repairs has been serious problem. One 
large turbine driving blower was out service for year, other work the 
manufacturer’s shops with higher priority took precedence. The sewage 
screens required constant attention, since drive chains, sprockets, and conveyor 
chains wore out. Such parts were hard obtain. 

the control the vacuum device has been installed maintain 
any desired submergence the filter drum automatically, without by-passing 
any sludge which ferric chloride has been added. The dilution the ferric 
chloride solution (as received) very weak solution appears helpful. 

Operation the circulating fans the vapor cycle the drying system 
hindered the building material (largely grease) the fan blades over 
period days, thereby causing vibration. The units and drying line 
served are then taken out service, and the fans are cleaned and balanced. 
This work may require about hours, with considerable overtime. 
with heated blades are being tried. 

Slagging the boiler furnaces after relatively short period operation 
continues serious problem, which the inferior coal available during 
wartime contributed. After years, both main stacks were relined and the 
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ash handling lines from the boilers were replaced. The fly ash equipment also 
was rebuilt. Cyclones were relined. the handling the heat-dried sludge, 
belt conveyor and bucket elevator have replaced the air transport equipment 
and greatly reduced the dust around the plant. The equipment for cooling 
and screening the heat-dried sludge has been entirely rebuilt. 

Maintenance the railroad and rolling stock serving the West-Southwest 
plant Chicago has been troublesome. The Sanitary District operates more 
than nine miles standard gage railroad and equipment, including six loco- 
motives, forty-five dump cars, and three hopper bottom cars. 1944 total 
6,554 cars were handled, including foreign cars received and shipped. 


ACTIVATED SLUDGE 


Activated sludge plants are still favor where high-grade effluent 
required. For situations where intermediate type treatment suitable, 
so-called “modified aeration” activated sludge” process 
popular New York City, and has been recommended for Los Angeles. 

Mechanical Activated Sludge Plant practices me- 
chanical activated sludge plants are reviewed Dreier, Jun. ASCE (38), 
for twenty-nine plants the United States handling from 0.053 mgd 2.6 
mgd sewage. The data are assembled under the topics mixed liquor 
solids concentration, rate returning sludge, application air (amount 
aeration), aeration period, and condition the activated sludge. Among the 
operating problems, about 65% the plants have encountered bulking difficul- 
ties, chiefly from shock loads industrial waste overloading. Rising sludge 
the final clarifiers has occurred ten plants. Undue amounts grease and 
oil interfere with operation both the aerator and sludge digestion. Waste 
activated sludge discharged the raw sewage twenty plants. these, 
eleven report difficulties, usually the failure the waste activated sludge 
settle during peak flows. When bulking occurs, the condition aggravated. 
The most common method disposing supernatant liquor return 
the incoming raw sewage. Apparently this method not always satisfactory. 
alternative, such lagoon drying bed, should available when the 
supernatant poor quality. 

High-Rate Activated Sludge—High-rate activated sludge method 
operation the activated sludge process which sewage may treated 
any degree between plain sedimentation and conventional activated sludge. 
Fundamentally this procedure involves shorter periods aeration, the use 
lower concentration solids the aerated mixed liquor, and the use less air. 
The aeration period may vary from hour hours. The weight 
active floc returned may vary from fraction to, roughly, four times the raw 
solids. Usually the mixed liquor contains from 600 ppm 800 ppm sus- 
pended Such procedure claimed free from sludge bulking 
difficulties, with substantial reduction amount air used. 

The use the term “modified activated sludge” unfortunate, that 
any process which settled sludge from previous aeration returned 
aerated the presence the sewage the generally accepted definition the 
activated sludge process. The only changes produced are the shorter period 
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aeration the lower use air, which result lower grade effluent, 
perhaps devoid nitrates; neither does sewage aeration” seem ap- 
propriate. The committee suggests that the term “high-rate activated 
preferable. 

Aeration the sewage alone without return sludge will produce me- 
dium grade effluent, shown Indianapolis, Ind. (39), where part the 
works operated aeration plant without sludge return. This procedure 
was adopted because was found that, even though the removal was 
lower for the aeration only, much greater volume sewage could treated 
the plant whole, with greater total removal B.O.D. than the en- 
tire plant were activated sludge basis. For the past years, from 1937 
1942, inclusive, from 48% 67% the flow has received aeration only, 
with average B.O.D. removal around 63%. Some oxidation accom- 
plished. The sewage flocculated sufficiently obtain good settling the 
final tanks. The results are shown from 1935 through 1944 (Table 3). The 
percentages given indicate the over-all efficiency the entire plant. 


TABLE PLAIN AERATION AND 
INDIANAPOLIS, IND. 


AERATION ONLY 


Removal (%) 


Removal (%) 


Sus- Sus- 
solids solids 


2.2 88.5 1.23 8.28 39.9 71.0 55.0 0.49 6.92 
1936 3.6 96.2 93.4 1.51 9.25 38.4 81.0 72.0 0.56 7.24 
1937 25.3 95.6 92.1 1.25 10.46 23.5 53.5 0.41 9.94 
1938 30.0 96.5 90.2 1.30 8.33 33.6 82.0 58.3 0.53 7.83 
1939 21.1 97.8 92.8 1.51 8.75 31.6 77.0 62.0 0.41 6.72 
1940 19.3 98.3 93.9 1.69 9.10 34.9 80.0 61.0 0.47 8.24 
1941 18.3 97.9 94.1 1.78 10.57 36.6 80.4 62.7 0.55 7.19 
1942 22.7 98.2 96.4 1.45 8.28 42.2 72.0 51.2 0.49 6.43 
1943 13.5 94.2 93.8 1.68 8.97 53.4 74.2 54.8 0.53 7.90 
1944 20.8 97.5 95.5 1.52 8.90 51.9 80.3 55.6 0.59 7.45 


Probably the first experiments short-period aeration were made 
Milwaukee 1915 (40), with aeration periods hour, hours, hours, 
hours, and hours. Leonard Metcalf, ASCE, and Harrison Eddy, 
Past-President, ASCE (41), comment thereon follows: 


effluent the desired quality select the appropriate detention period 
for the operating conditions. This, however, not simple appears, 
for these conditions, which are determined factors such the design 
the tanks, the rate application the air, the character the sewage, 
and the quality and volume the return sludge, may vary greatly and 
continuously the same 


Probably the first plant using short period aeration the activated 
sludge process was Birmingham, England, where short-period activated 
sludge plant was installed ahead trickling filter (42), based experimental 
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work begun 1920-1921. Since 1925 the treatment has been built 
cover the entire sewage flow Minworth, England. The sewage maintained 
intimate contact for hour with between 12% and 15% its volume 
re-aerated activated sludge, which has been reconditioned for 8.6 hours ina 
special aeration tank, when diffused air used, and for 13.5 hours when 
mechanical agitation used. the use the pre-activated treatment the 
capacity the trickling filters has been doubled and odors have been almost 
entirely eliminated. 

Decatur, Hatfield (43) reported the results 2-year (1925- 
1926) testing station. With aeration period, from 30% 40% 
tion the 5-day B.O.D. settled sewage was obtained and settled aerated efflu- 
ent was applied trickling filters three times million gallons per day 
per acre un-aerated sewage. pre-aeration unit was completed for the 
entire plant and placed operation January, 1928. The sewage was aerated 
(44) from 1.85 hours 2.66 hours with average 2.54 hours. The return 
flow from the clarifier ranged from 3.9% 22% with average the 
sewage flow, yield concentration solids the aeration tank 190 ppm. 
Air was supplied the rate from 0.35 per gal 0.85 per gal, with 
average 0.48 per gal. Very little sludge accumulated the clarifier, 
but the moderately strong Imhoff tank effluent B.O.D. was reduced between 
20% and 45%, with average 32%. 


AERATION TESTS 
Chicago, August, 1927, October, 1929, the Des Plaines 
River Sewage Treatment Works The Sanitary District Chicago, short- 
period activated sludge treatment (from 0.9 hours 2.73 hours) was tried 
‘ahead small trickling was found that the filter could dosed 
with such applied liquor rate twice the conventional rate (Table and 
practically the same degree treatment could secured. 


River TREATMENT THE SANITARY DISTRICT 

1927, 21, 1929 


Designation Average Maximum Minimum 
mont month month 


Preliminary settling period, hours 

Aeration period, hours 

Air supply, cubic feet per gallon 

Trickling Filter, Million Gallons per Acre per Day: 
Receiving pre-activated 
Conventional 


Experimental plant shut down October 21, 1929. 


From September 20, 1928, August 29, 1929, the Calumet Sewage 
Treatment Works The Sanitary District Chicago similar tests were 
for period more than months, dosing trickling filter with area 0.74 
acre. 


2.00 2.70 1.90 
0.99 1.16 0.91 
0.48 0.66 0.28 
2.28 2.5 1.97 
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per gal) solids) per day) Reduc- Reduc- 


Ppm PP™ tion (%) 


Effluent— 
Average: 


0.23 
0.35 0.23 


Average for the indicated 1934 values are for the two months, November and December, except 
Cols. and which are for December only. Additional final setting tanks were put service May, 1937. 


Month 
1936 and Aera- Air Solids Sludge 


ent ent tion ent ent tion 


2.9 0.72 1,540 52.4 10.2 80.5 81.1 
2.9 0.50 1,310 49.3 11.5 77.7 75.0 
2.0 0.47 1,220 113 46.8 15.1 67.8 84.0 
2.0 0.47 1,060 154 37.0 4.6 87.6 86.1 
1.0 0.38 1,820 38.9 15.7 59.6 48.7 
1.1 0.38 1,590 46.7 21.1 54.8 49.0 
1.1 0.38 1,600 70.5 25.9 63.3 54.2 
1.1 0.38 1,840 57.2 13.1 77.0 78.5 
2.2 0.76 2,380 74.7 13.4 82.0 77.0 
2.2 0.55 2,130 11.2 85.5 84.9 
2.4 0.42 1,750 10.1 88.2 83.6 
1.6 0.32 1,900 13.9 77.0 76.6 
1.6 0.32 1,620 15.1 76.4 77.2 
1.6 0.32 1,540 16.8 77.6 75.3 
1.6 0.32 1,250 14,1 78.6 80.5 


(1) (2) (3) (4) (6) (7) (8) (9) 
1934: 
Effluent— 

0.34 0.21 1,625 16.7 86.0 90.7 

0.32 0.24 1,452 11.8 90.1 92.8 

1935: 

Effluent— 

5.3 0.36 0.23 1,373 10.2 90.9 90.3 

0.35 0.23 1,370 9.0 92.0 91.0 

1936: 

0.37 0.24 1,460 9.7 89.0 

0.36 0.23 1,575 8.0 90.5 

1937: 
915 
90.7 
91.5 
90.5 

and 
iF 

November........ 
December........ 
run 
0.74 


814 SEWAGE TREATMENT Reports 


the North Side Works The Sanitary District Chicago, parallel tests 
were carried with the three batteries aeration tanks and final settling 
tanks from November, 1934, December, 1937 (Table 5). 


April 1936, July 
TABLE Data 31, 1937, activated 


Unit, West Works; sludge unit was operated (45) 


settled sewage from the West 
1937 Side (Imhoff tank) plant. The 
monthly averages are given for 
each aeration period (Table 6). 
Fair effluents were obtained with 
Flow (gal Settling Settling and much better effluents with 
(3) (4) 1.6 hours (Table 7). 

1,160 230 December, 1937, some- 
310 1,240 what larger activated sludge unit 
was placed service the West 
Side Works, likewise operating 
Imhoff tank effluent. The 

various conditions operation were given Table 
New York, Y.—At the Wards Island Sewage Treatment Works (46) 
pilot activated sludge plant operated with constant flow per min 
primary settled sewage, since early 1941, three types sewage aeration: 


Feet, THE PLATES: 


Gal per per day. 


(1) Sewage aeration without the return activated sludge liquor; 

(2) Sewage aeration with the continuous return fourth last pass 
aeration tank liquor; and 

(3) Sewage aeration with the return activated final settling tank sludge 
maintain mixed liquor suspended solids concentration between 150 
ppm and 500 ppm. 


TABLE AERATION PERIODS THE 


Sus- Sus- Aerator Settler 
pended pended 5-da efflu- 


Periods and From December 16, 1943, March 15, and 
from October 1944, November 30, 1944 
Periods From August 25, 1944, October 31, 
Period From October 1943, December 15, 943; 
From March 16, 1944, May 30, 1944 


f 
a 
2.39 609 37.2 38.7 83.5 69.8 0.42 0.35 3.2 
7 
7 
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The results showed that for 1.5-hour aeration reductions ranging from 30% 
40%, 60% 65%, and 65% 75% the suspended solids and B.O.D. 


could achieved, respectively, operations and For 3-hour 
aeration, suspended solids and reductions ranging from 60% 65%, 65% 
70%, and 75% 85% were achieved, respectively, operations and 
The returned sludge varied from 25% the sewage flow. 


Modified aeration was 
tried (47) Jamaica, 
Y., mgd beginning 
September 28, 1943. 
The raw sewage was aer- 
ated without pre-settling, 


TABLE OPERATING RESULTS 
Bay New York, Y., 
AND COMPARISON STEP AERATION AND 
SLUDGE 


hours, settled for hours Detention Period 
was returned (Table solids (ppm)........... 1,490 1,780 505 
Air Supply— 
u ft per 0 
per gal sewage treated Power (kw-hr gal) 560 570 440 
for aeration and 0.08 for 192 194 
-Day 
sludge from half 107 133 103 
tlers service amounted Removal, Suspended 
Sludge Solids)— 
service, the aerator sus- 5.04 5.52 6.83 
pended solids were 600 Weighted average....... 3.78 4.17 5.50 
ppm. With from 4 hours Veo of Sais (Cu Ft 
r 


suspended solids were re- 
moved the settlers. Eight months. 
With from hours 2.5 


hours aeration, 70% 


the and 83% the suspended solids were removed the settlers. 
The excess sludge was drawn concentrations from 
average 5.85% dry solids. 

The data for the Bowery Bay plant (Table comparison between 
step aeration and modified aeration. 1942 step aeration gave better over- 
all removals than modified aeration. The impaired results for 1943 com- 
pared with 1942 were caused series difficulties, such oil wastes and 
very heavy decant liquors. Changes digester operation toward the end 


319,000 280,000 159,000 


Twelve months. Eleven months. 


sts 
est 
for 
6). 
me- 
init 
The 
ion: 
pass 
150 
ent 
(11) 
1.7 
0.7 
1.5 
7 


816 SEWAGE TREATMENT Reports 


1943 and the subsequent heavier sludges obtained during permitted 
reduction volume and improvement the quality the decant liquor. 
Modified aeration produced decreased volume sludge which resulted 
heavier digested sludge lower volatile content and lesser quantity. 

The results Jamaica and Bowery Bay indicate that, where the effluent 
the modified aeration plant acceptable, the slightly lower plant efficiencies 
are compensated for the lower air ratios and consequent power saving, 
heavier excess sludge which improved and decreased the volume decant 
liquor, higher digester temperatures, improved digested sludge concentration, 
and marked economy barging the sludge sea. 

The Jamaica plant consists rack screens, grit chambers, fine screens, 
aeration tanks, settlers, picket-fence sludge thickeners, and digestion tanks. 
The thickener effluent discharged the outfall. The thickened sludge 
fed the digesters. Except for period from December 16, 1943, February 
29, 1944 (Table 8), the digester supernatant was discharged into the plant 
outfall. The different periods operation were arranged follows: 


Low solids—long aeration; 
High solids—short aeration, substantial quantity digester supernatant 
returned plant inlet; 
High solids—short aeration; 
High solids—long aeration; 
High solids—short aeration; 
Low solids—short aeration; 
Compensating low solids—short aeration; and 
High solids—short aeration: 


The Bowery Bay plant includes coarse screens, grit chamber, primary 
settling, aeration, and final settling tanks. Excess activated sludge thick- 
ened separate tanks. Excess and primary sludges are digested. 

The modifications the activated sludge process are discussed 
Marston (48), particularly with reference step aeration and short periods 
aeration ranging from two hours three hours (Bowery Bay and Jamaica). 
‘At the Bowery Bay plant, with aeration period 2.6 hours and air 
volume 0.37 per gal, the suspended solids were reduced 82% and the 
86%. Jamaica, with aeration period 2.7 hours and air 
volume 0.42 per gal, reductions 86% suspended solids and 74% 
were obtained. Two examples may cited much longer aeration 
periods and low solids content the mixed liquor. 

Rockville Centre, Y., Anderson (49) reported aeration 
period 4.75 hours, with yearly average aerator suspended solids from 733 
ppm 891 ppm. During years operation prior 1941, reduction 
from 71.6% the primary settler effluent and similar re- 
duction the suspended solids due aeration and settling was obtained with 
the use from 1.8 2.1 air per gallon sewage. Ridenour, 
Assoc. ASCE (50), reported study activated sludge plant using low 
aerator suspended solids 150 ppm but long aeration period hours. 
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Chase, ASCE (51), suggests that the difference beween high-rate 
activated sludge treatment and activated sludge may lie the character and 
condition the return sludge, well the percentages returned and the 
period aeration. 


MAINTENANCE DIFFUSER PLATES 


Since the committee commented the maintenance diffuser plates 
1942 (1) and 1944 (2), more plants have reported operating 
vestigations have continued Chicago and Cleveland, Ohio. number 
factors are concerned the behavior diffuser plates: 


(a) The porosity; 

(b) The rate air flow per square foot per minute; 

(c) The amount dirt the atmosphere; 

(d) The efficiency the air cleaning devices; 

(e) The humidity the atmosphere; 

The character the sewage, particularly the presence iron salts; and 

(g) The growth water molds the surface the plate exposed the 
mixed liquor. 


There need simple cheap container built for easy removal the plates. 
The diffuser tubes other proprietary devices not yet indicate solution 
the problem. 

large activated sludge plant the air blowers are likely the 
centrifugal type, driven steam turbines synchronous electric motors. 
Either type drive introduces the limitation constant speed, with fixed 
upper pressure limit. consideration given the use slotted brass pipe 
grids place diffuser plates, more air required produce the same 
result. existing plant the size the air mains may then become con- 
trolling factor rehabilitation. 

The manufacturers porous diffusion media have solution offer; nor 
does seem their problem. The engineer has determine the various 
factors; the cleanliness the air; the rate air supply per square foot plate; 
the method securing the plates the containers (whether readily removable 
held cementing mortar); how frequently laundering will required; 
etc. Unfortunately, data are conflicting from various plants. For instance, 
the North Side Works (Chicago), practically all the original plates one 
make are service after years, with one cleaning. However, the use air 
per plate per min per plate. more modern plants 
with higher permeability plate, higher rate air plate—around 
per min—trouble was experienced within two years. another modern 
plant where porous tubes are use, cleaning required every month. 

The smaller plants the United States have been more less silent 
Voicing trouble. This may because such plants frequently are equipped with 
so-called displacement blowers (Connersville type) and can increase the com- 
pression readily. 

Two seasonal troubles apparently may occur the warmer months. One 
the increased resistance due humidity. The other the heavy plush-like 
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growth water molds the upper surface the plates, which Chicago 
has been identified the Saprolegniaceae family, type not generally 
known sewage. Apparently the growth needs mild temperature, more 
than 60° and the presence certain foods, probably carbonaceous, like 
sugar, etc. Its source obscure. does not seem come from packing- 
house wastes. more likely inherent brewery, yeast, other food 
industrial wastes. Thus, the sanitary engineer has added new science his 
bookshelf, mycology specialized sort. 

After the Wards Island plant had been operated for two years, cleaning 
plates began (52). After the tank was emptied the plates were hosed with 
water and scrubbed; then each plate was dosed with about half pint caustic 
soda (25% NaOH). After this had reacted for from hours hours, the 
tank was put service. The benefits this cleaning diminished until 1943 
the plates clogged again within months after cleaning. Treatment 
plates with chromic-sulfuric acid, sodium hydroxide, burning alone was 
unsatisfactory. the plates are not too badly clogged, treatment with 
acid caustic soda, supplemented air blowing the dry 
plates, restores much the permeability. The use chromic-sulfuric acid 
plates grouted into place with concrete impractical. 

Where plates are badly clogged the top and bottom, vacuum water wash 
the top caustic treated plates, followed blowing the dried plates 
pressure about per in. for from hours hours was successful 
restoring the permeability. Vacuum water wash removed the sandy material 
from the top the plate and the air blew out redistributed the clogging 
material the bottom. New York about replace 50% the diffuser 
plates Wards Island. 

Cleveland (53), cleaning plates begins when the loss head has 
increased 0.5 per in. The plant equipped with metal plate 
containers, from which the plates are readily removable. The plates are 
soaked for several hours rubber lined steel tank solution sodium 
dichromate sulfuric acid; then drained and thoroughly scrubbed with 
mixture air and water. Thereby the permeability rating the plates 
restored within 91% the original rating. plate scrubbing machine has 
been developed. 1944 the cost cleaning 4,800 diffusers was estimated 
45¢ per plate (of which cost labor 36¢ and chemicals and miscellaneous are 
9¢). 

Indianapolis (54) 1943, the air diffuser plates were removed for clean- 
ing from two aerators. the 2,744 plates removed, 253 were broken either 
during removal washing.. The plates were boiled caustic for 
hours, washed with water and blown with air; submerged 10% hydrochloric 
acid for hours; and then washed with water and blown with air. These 
plates into service November, 1936; were cleaned May, 1941, for 
the first time; and again removed and cleaned May, 1943, when the proced- 
ure restored them about 50% the original permeability. They were sub- 
sequently cleaned May, 1945. Frazier reports that new plates require 
cleaning from years years; and rewash plates require cleaning from 


years years the activated sludge units. Plain aeration units are 
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not changed often the smaller quantity air can delivered without 
undue rise pressure. 

Although Jackson, Mich. (55), reports that application 
chlorine the main air supply line blowing increased amounts air for 
hours has been helpful, the general experience Chicago and elsewhere indi- 
that chlorine value reducing clogging diffuser plates, unless 
such clogging due organic matter. From practical standpoint chlorine 
has effect the water mold growths. 


the design final settling tanks for activated sludge Anderson, 
ASCE (56), suggests that, where effluent weirs are away from the upturn 
the density current, the overflow rate should not exceed 20,000 gal per day per 
foot weir; and where weirs are within the upturn zone the rate should not 
exceed 15,000 gal per day per foot. This would limit circular tanks with 
center feed and peripheral effluent weir maximum diameter about 
customary surface ratings. However, the inherent economy the circular 
tank design may carried into larger sizes providing effluent weir troughs 
carried cantilever brackets. Anderson believes the sludge drawoff 
rectangular settling tanks should the inlet end, whereas Gould, 
ASCE, prefers the outlet end. 

year test three Army activated sludge plants, Tapleshay, Assoc. 
ASCE (57), concludes that (a) the chlorination the return sludge was helpful 
controlling bulking; (b) the best point application the chlorine the 
return sludge point which will min contact; and 
(c) that the proper dose chlorine depends the sludge index and dry weight 
the solids the return sludge. This relationship expressed as: 


which the Mohlman sludge index; the return sludge rate 
million gallons per day; and the suspended solids return sludge 
parts per million. Apparently Mr. Tapleshay used doses from 0.16% 0.65% 
Cl, dry solids the return sludge. 

the other hand, Kraus (58) states that Peoria, the use 
chlorine ppm the return sludge not always effective reducing the 
sludge index. 

Control Bulking Use Digested use digested sludge and 
digester overflow was tried Peoria Mr. Kraus (58) control bulking 
activated sludge, with monthly plant efficiency 95% removal B.O.D. 
and suspended solids. The digested sludge first converted activated 
sludge sludge treatment aeration tank for hours. Apparently more 
air required with about three and one-half times the solids the system than 
normally used, and better effluent results. 


1943, The Sanitary District Chicago placed operation number 
lagoons, with liquid depth averaging ft, totaling acres (with volume 
about 50,000,000 ft) for the purpose disposing excess activated sludge 
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from the Southwest Works, and also preliminary settling sludge therefrom. 
There are sixteen units varying from acres Partly digested 
Imhoff tank sludge the West Side mixed therewith. The lagoons are 
miles southwest the Southwest Works, between the Des Plaines River and 
the Main Channel. far there has been very little odor. Spraying has been 
employed keep down the development mosquitoes. From November, 
1943, June, 1945, inclusive, the tons dry solids pumped over liquid 
sludge are follows: 


Source Tons 


Indianapolis 1943 (54), sludge was hauled from the lagoons for 
months only. Ground garbage and sludge are now discharged into the lagoons. 
During 1943, 29,000 tons sewage solids (exclusive garbage) were discharged 
the lagoons. Apparently only about 25% the sludge received was hauled 
away. 1944 (59) sludge was hauled away during months only. 
both 1943 and 1944 the crane which normally handles was used un- 
load coal replenish the stock pile. 


SUPERNATANT 

Disposal the supernatant liquid still important factor the separate 
digestion sludge. Where possible the practice not returning the 
incoming sewage seems 
favored. Stage 
may practiced, well 
diversion lagoons and 
sand beds. However, 


‘TABLE 10.—Comparison ELUTRIATION AND 
CHLORIDE ALUMINUM SULFATE 


has been found New 

Filter Cake Filter Cake York City that, the di- 
8) 

Yield stages and properly man- 


dry ield 
solid per Moisture solids) per Moisture 


hr) per hr) 
FeCl withdrawal sludge, that 

ond stage digestion seems 
Yearly averages. Averages tests made. lower the B.O.D. 


troublesome, although the suspended solids the supernatant might fairly 
high. 


ELUTRIATION 


Since 1944 the vacuum filters Baltimore went into service, with single 
stage elutriation. Genter, ASCE, reports results 
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Table 10, Hartford, Conn., and Springfield, Mass., which indicate that 
aluminum sulfate was again tried Hartford result better elutriation 
efficiencies, and also was used more extensively alone mixed with ferric 
sulfate Springfield. 

Springfield countercurrent elutriation used with well-digested sludge, 
concentrating the solids the elutriated sludge more than 13% from 
the digested sludge prior elutriation. During the first months 
1944 Springfield mixture 69% aluminum sulfate and 31% ferric chloride 
was used, resulting the use per 100 dry sludge solids 1.24 ferric 
sulfate and 2.74 aluminum sulfate. The cake yield was 4.6 per 
per hr, with moisture content 65.2%. For the entire year 1944, the 
average percentage sulfate alumina and ferric chloride together the 
sludge conditioned and filtered was 2.14% with yield 5.1 per per 
and 64% average moisture cake. 


FILTRATION SLUDGES 


Mr. Genter (60) has supplemented his earlier treatise (61) the vacuum 
filtration sludge showing the relationship between the quantities 
chemical reagents required condition various sludges and certain basic 
sludge assays. However believes that usually the best operating control 
for conditioning sludges made frequent laboratory checks with Buechner 
funnel filters. Sludges dosed for actual filter practice require more coagulant 
produce sufficiently dry filter cake given time than sludges tested 


the laboratory. Mr. Genter indicates two basic factors which influence 
coagulant requirements sludge conditioning: (a) The liquid demand the 
chemically and biochemically contaminated water associated with the sludge 
solids; and (b) the demand the wetted sludge solids themselves. con- 
siders the former based the scientific weight relationship bicarbonate 
alkalinity ferric chloride, whereas the latter based empirical relation- 
ship ferric chloride the volatile organic portion the sludge solids. 
Ferric chloride still continues the most effective coagulant for sludge 
conditioning. However, the confused state the chemical industty due 
strikes the postwar period has led many check coagulating aids 
substitutes such lime, chlorinated copperas, and ferric and aluminum sulfate. 


TRICKLING FILTERS 


review filter practice, Mr. Chase (62) indicates that the accepted 
dosing rate for conventional trickling filter ranges from mgd mgd. 
High-rate filters are now used rates from mgd mgd. Adequate 
pre-treatment necessary. Fine screening helpful between primary settling 
tanks and filters. 

Loadings reported are: Conventional—250 B.O.D. per acre-ft per day; 
and high rate—3,000 4,000 B.O.D. per acre-ft per day. The high-rate 
filter generally shows little nitrification and its effluent less stable than the 
conventional filter. However, may afford much greater freedom from flies 


(63). Fly control conventional filters handled (62) flooding the 
filters chlorine. 
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The conventional filter bed usually from deep whereas the 
high-rate filter may for single stage and each for two 
Forced ventilation sometimes employed the deep filters. 

the purification effected, the conventional filter may remove around 
85% the B.O.D., whereas the high-rate filter may remove from 75% 80% 
single stage, and 80% two stages. The conventional filter pro- 
duces nitrates. The high-rate filters usually not. Investigation still 
required the value recirculation and its proper use. 

The late Ellsworth, ASCE (64), agrees with Mr. Chase the 
main, showing that consequences overloading high-rate filter are not 
serious for conventional filter and that the over-all economy for the high- 
rate filter and for the conventional filter, producing comparable degree 
treatment, remain demonstrated with actual operating results. 
Marston (65) and Veatch, Members, ASCE (66), urge scrutiny loadings 
high-rate filters. Mr. Veatch suggests the possibility using high-rate 
filter roughing filter prior application conventional filter, rate 
perhaps from 600 1,000 B.O.D. per acre-ft per day. 


Around sewage works buildings, Decher (67) suggests the use DDT 
spray control flies during July and August. 

Mr. Cohn reports that chlorine will control the growth Psychoda flies 
trickling filters and also reduce odors. For fly control recommends 


application chlorine during the 


night hours low flow once week, 
14-In. 


residual. This treatment may also 
BETWEEN THE SECTIONS correct pooling. Schenectady, 
Y., Mr. Cohn floods the filters 
weekly for fly control, inundating 
the beds for about hours, from 


Length section 78,089 8,220 1,903 May until mid-October. 


141 


108 
The force main from the North 
Side Works Chicago 17-mile, 


Sections and are defined follows: 14-in. line. went into 


A—North Side Works 24th Place, Cicero, November, 1928. 1942, 


cleaned. 
B—24th 37th Street, Cicero; cleaned 8,200 was cleaned wit 


tumbling rod and chain hammer, the Hazen-Williams formula 
coefficient when the line was new. 

The friction this part the line has now increased until around 
(Table 11). The pipe line operated continuously practically constant 
velocity, normally 2.5 per sec, the flow averaging about mgd sludge 
carrying about 100 tons dry solids from the activated sludge plant. grit 
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handled. The air relief valves originally installed have been removed, be- 
cause floating material (principally corks) lodged about the floats, preventing 


operation. 


1943 the Sanitary District put into operation another pipe line from the 


Southwest Works, nominally in. 
diameter. This line was built 
with pipe lengths in. long and 
diameter. Mechan- 
ical joints with heavy rubber gas- 
ket were used place the usual 
lead and jute joints. excess 


ETER, 16.2 THE COEFFICIENT 
THE 


activated sludge, preliminary settling 

sludge, digested Imhoff sludge can 

pumped. The results tests 
made the start areshownin Table 
(68). 

Cleveland the 13-mile 12-in. 
force main went into serviceon 
8,1938. The first cleaning was com- 
pleted February, 1941; the second, 
during November, 1942. date 
the line has been completely cleaned 
ten times. All the Easterly plant 
sludge concentrated the East- 
erly site before pumping the 
Southerly site. Recent determina- 
tions and viscosity, after clean- 


ing the force main, are given 
Table 13. 


Rate, 


Loss 


Length, 


feet per 


21,079 
21,079 
21,079 
21,079 


(b) SLUDGE 


65.7 147 
107.3 147 


43.6 147 
71.1 147 


22.0 148 
36.5 147 


J.J. Wirts states the line operated intermittent basis for hours out 


each hours. 


TABLE ror 
AND Viscosity; 12-In. 
CLEVELAND, OHIO 


Date Viscosity 
(1945) centipoise 
September 50.5 
September 
October 


50.8 
567 


sludge. flow. Nonturbulent 
flow. Fresh sludge. 


The maximum velocity per sec, the minimum per 


sec, with average per 
sec, with average flow that 
velocity 1,000,000 gal per day. 
present 500,000 gal per day 
actually handled. 


CONCENTRATION 


For various reasons, dis- 
posing liquid sludge, concen- 
tration the solids has been 
attempted lessen the volume. 
Sometimes concentration used 
prior pumping through pipe 


line (as Chicago and Cleveland), reduce the volume prior barging 
(as Elizabeth, and New York City), prior vacuum filtra- 
tion. The methods adopted may physical, such settling, chemical, 
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such the addition coagulant; elutriation. The general data 
types tanks and dimensions and operating results are given Table 14, 

Primary Settled Elizabeth the sludge barged sea. The 
sludge withdrawn from the settling tanks concentrated storage, lasting 


TABLE SEWAGE SLUDGE 


No. 
Location Unthickened Thick- 
tanks (%) ened 
(1) (2) (3) (4) (6) (7) (8) (9) 
(a) Raw Primary 
Minneapolis-St. Paul, Minn. 2 | 95 18 | 24 | L | 1943¢ 8.29 | 6.61 9.47 


Raw Primary ACTIVATED SLUDGE 


(c) 
Baltimore, 15.1 1944 3.5 68.7 5.3 
San Diego, Calif..... 2 20 14 R 1944 3.9 65.0 5.9 
Stamford, Conn........ 1944 6.5 55.0 9.0 
Washington, D. C...... eal 4 70 16 11.5* L 1944 6.5 nme 7.1 
Winnipeg, Man., Canada.... 1943 8.0 9.1 
(d) SLUDGE 
80 1 1 

New York (N. Y.) Plants: 


The tanks the Bowery Bay, Jamaica, and Tallmans Island plants New York and San 
Diego, Stamford, Winnipeg, Baltimore, and Phoenix are diameters, the tanks being circular. Side liquid 
depths. Letters and denote the type sludge removing equipment, as: Longitudinal scraper, 
scraper,” and withdrawal (no respectively. Volatile matter, dry basis. 
From the Eleventh Annual Report (1943), Minneapolis-St. Paul (Minn.) Sanitary District. Sludge from 
the Easterly plant thickened that plant. Counter-current flow except reported 
Brown, Jr. (70), for the period from March 1942, December 31, 1943. 14.22 14.83 ft. 
Sludge from the Richmond-Sunset plant. 11.5 12.0 ft. 


average days. The supernatant drawn off and returned the raw 
sewage. The practical limit for solids concentration determined the 
thickness and temperature the sludge and the power required move 
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and appears solids. 


Activated 
1931 study the concen- 
tration activated sludge 
began the North Side 
Works The Sanitary 
District Chicago. The 


Year 
first tests were made 
10-in. diameter standpipe 
“fill and draw’’ basis. 1938 
Samples from the bottom 1940 
in. were taken after set- 
30, 60, and 120 min. 


With activated sludge the 
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This will not flow readily cold weather. 
The average annual results are presented Table 15. 


825 


TABLE SLUDGE, 


SLUDGE 


SLUDGE (%) 


Barge 
loads 
(%) 
5.41 38.0 6.70 26.5 
5.48 7.80 26.0 
5.94 43.4 25.2 
6.22 36.1 8.00 
5.64 42.1 7.84 
43.3 8.26 25.1 
5.58 44.9 8.25 23.3 
25 5.36 45.9 8.20 24.3 


concentration was slight, but 


little more concentration resulting with the 20-ft depth and the 120-min period. 
Preliminary tank sludge concentrated from about 0.5% solids from 8.7% 


TABLE CONCENTRA- 
TION SLUDGE VERTICAL CYLIN- 
TREATMENT THE 


(%) 


Influent Deten- Depth 

rate (gal tion 

per period Concen- tank 

per day) (hr) Feed trated (ft) 
sludge 


(a) Sertiinc SLUDGE 


3,020 1.66 0.76 5.67 30 
3,890 1.48 0.36 1.77 
2,520 1.38 0.68 5.09 20 
3,600 0.82 55 1.96 15 
(b) ACTIVATED AND PRELIMINARY 
1,700 3.10 1.09 1.60 
2,660 1.86 0.48 1.28 
0.95 0.73 0.90 
1,730 1.50 50 1.10 15 
(c) ACTIVATED 

5.13 1.25 1.65 
1,730 1.50 1.19 1.31 


10% 2.8% solids. 
weirs was high. 


7.8% solids with 20-ft depth, and 
from 6.5% 6.8% solids with the 
10-ft and 15-ft depths. The concen- 
tration differed but little for the 30- 
min and 60-min periods. Mixtures 
activated and preliminary sludge 
increased concentration from 
range between 1.2% and 2.8% solids 
range from 2.3%, 5.2%. 
sults were slightly better with the 
greater depth. 

Early 1932 wooden tank 
diameter and deep was in- 
stalled and operated for short time 
continuous flow basis—from 


hours (Table 16). 
During the fall 1933 concentra- 


tion tests were made one the pre- 
liminary settling tanks, square. 
Activated sludge and preliminary 
sludge were measured weir box 
before entering the tank near the 
bottom along the side opposite the 
weirs. With detention 
period about hours, the con- 
centration was increased from about 


The results were erratic and the loss solids over the 


data 
14, 
The 
4 
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1931, laboratory tests were made Dorr representatives crude 
picket-fence thickener. Later working thickener was built one the final 
settling tanks the Des Plaines River Sewage Treatment Works, with vertical 
wires (No. 12-gage copper) spaced in. apart, stretched between two channel 
irons about apart. Tests were made between August and October 15, 
1931. After the wires were replaced with vertical wooden slats, tests were 
made flow rates from 1,000 gal per 1,500 gal per per 24-hr 
sewage plus sludge. The slats produced better thickening action than the 


TABLE CoNcENTRATION; THE SANITARY 
District 


Description 1942 1943 


(a) 


Feed: 
Million gallons daily 
Solids (%) 
Detention period (hr) 
Concentrated Sludge: 
Million gallons daily 
Solids (%) 


Feed, Percentage Solids: 
Activated 
Preliminary 
Preliminary solids; percentage total solids 
Pounds per square foot per day 
Concentrated Sludge: 
Solids (%) 
Solids, volatile; percentage total solids 
Solids, dry; tons per day 


Feed: 
Million gallons daily 
Solids: 


Tons per day 
Solids (%) 
Preliminary solids; percentage total solids............ 
ate: 
Gal per per day 
Dry solids, per per day 
Concentrated sludge: 
Solids (%) 
Solids, volatile; percentage total solids 


Twelve-month averages except 1942 which was for nine months. The average detention period 
was for four months. 


wires. Slightly greater concentration was obtained the sludge blanket and 
under flow the tank equipped with the thickener mechanism. 

1942 full-scale concentration tanks were installed the North 
Calumet, and Southwest Works. general, these are rectangular settling 
tanks, into which the sludge discharged both ends, the excess liquid 
away over effluent weirs, the concentrated sludge being removed from the 
bottom the inlet ends. They are all equipped with longitudinal scrapers. 


19: 
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North Side Sewage Treatment Works.—At the North Side Works (Table 
17(a)), the concentration tanks were placed service March 12, 1942. 
Two units are provided, each 46.75 wide and long, ranging from 
deep. Activated sludge only was concentrated (except December, 
1944). 

Calumet Sewage Treatment tanks the Calumet Works are 
similar those the North Side and Southwest Works (Table 14). The 
additional 34-ft 10-in 78-ft 10-in. 11-ft-deep tank was placed 
service November, 1941. The large tank used for concentrating the 
sludge feed the heat-drying system. One the small tanks used feed 
the sludge lagoons. The other held reserve. The averages for the years 
1942, 1943, and 1944 are given The percentage solids the 
activated sludge varied from 1.29% 2.03%; the preliminary sludge from 
0.55%; the percentage preliminary solids the total dry sus- 
pended solids the sludge varied from 2.6% 17.1%. rate pounds 


Concen- 
Concentrated 
Solids (%) Prelim- Feed trated 
Month Sludge Sludge 


dry Pre- Gal Dry 


Tons per day. 


Gallons per square foot per day. 
Pounds per square foot per 


sludge. 


per square foot per day varied from 25. The concentrated sludge con- 
tained from 2.07% 3.90% solids, which 51% 64.9% was volatile. The 
tons dry solids per day ranged from 19.8 for 1944 are given 
Table 18(a). 

Southwest the Southwest Works, the concentration tanks are 
supplied with North Side activated, Southwest activated and preliminary 
sludge. Six tanks were provided originally and six more were added 1943. 
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4.34 
1.56 
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are given Table 17(c) for the years 1942, 1943, and 1944. The monthly 
averages vary considerably. The million gallons per day handled ranged from 
1.05 6.29. The feed ranged from tons 173 tons dry solids per day, 
containing from 0.42% 0.80% solids, which 0.0% 18.7% was pre- 
liminary sludge. The rate pounds per square foot per day-varied from 
30. The concentrated sludge ranged from 1.43% 2.85% solids, which 
from 63.4% 74.4% was volatile. 

Donaldson, ASCE (71), discusses the thickeners 
the New York City works. Table includes later information, particu- 


TABLE SOLIDS SLUDGE 


Solids 
(%) 
1942 1943 1944 1942 1944¢ 1942 1943 1944 


Aeration tank 


0.149 | 0.060; .... 17: 0.202 | 0.207 


Thickened Sludge: 
2.28} 2.20 2.42 2.40 1.35 | 3.12% 3.26¢ 
76.2 | 75.8 75.8 69.5 s b 56.5 | 66.2¢ 66.4¢ 


Modified aeration; high-rate activated sludge. Five months when pumping direct digesters. Seven 
months when pumping direct digesters. Eight months. 


lar, the Jamaica results. The higher density Jamaica sludge due the 
consistent operation modified aeration and the absence preliminary 
sedimentation, which incorporated the other plants listed. 

Goudey, ASCE (71), reports that, demonstration plant 
Los Angeles, activated sludge was concentrated average moisture content 
94%. The excess sludge was settled separate clarifier rate 600 
gal per perday. The supernatant liquor the clarifier was treated with 
ppm chlorine dose which was equivalent ppm chlorine per million 
gal sewage treated). The chlorine disinfected the final effluent from the 
entire plant, prevented scum formation the clarifier and helped thicken 
the sludge. 

Keefer, ASCE, summarizes (71) the operating results for the years 
1940 1942, inclusive, the two activated sludge thickening tanks the 
Back works, Baltimore, Md. When washigh, the 
solids content the thickened and the unthickened sludge was low; and, when 
the sludge index was low, the reverse condition was observed. During the 
3-year period, the reduction the volume the sludge varied from 75% 
88.3%, with increase solids from 0.9% 1.1% 1.4% 2.1%. 
ratio the solids the thickened and the unthickened sludge (R) was found 
vary inversely with the sludge index, according the formula: 


which the sludge index. 
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Willem Rudolfs, ASCE, believes (71) the concentration raw, digested, 
and activated sludges affected its initial concentration, the concentration 
time, and the temperature. The reduction volume was greatest sludges 
with the lowest solids content. However, fresh sludge, being more gelatinous, 
concentrates less than digested material. Increasing the time concentration 
increases the sludge density. Compacting more pronounced during the 
first hours, with gradual reduction thereafter the rate concentration. 
increase temperature resulted greater sludge compacting. However, 
temperature affected the thickening digested sludge less than raw sludge. 

Mr. Rudolfs (72) tried various chemicals and inert materials for compacting 
and flotation activated sludge, such ferric chloride, sulfuric acid, lime, 
iron oxide, copper sulfate, sodium arsenate, and calcium hypochloride. The 
inert materials were roasted copperas, diatomaceous earth, and fly ash. The 
addition from calcium hypochloride per 1,000 gal sludge 
produced dense sludge, containing from 10% solids the end 
hours. Insecticides, such copper sulfate sodium arsenate, either alone 
with inert materials, aided compacting. However, the inert material used 
reasonable amounts was not beneficial. 

Thickening digested sludge prior filtration effected Marion, Ind. 
(73), pumping the sludge from the bottom primary digester into 
secondary digester through 6-in. pipe line, with the admixture cold quarry 
water, using two volumes water one sludge. Sludge concentrations 
increased from 5.88% 6.65% 8.65% 9.94%. 


The so-called Vacuator system embodying vacuum flotation suspended 
solids has three parts, the aerator, the de-aerator, and the vacuator. Pre- 
aeration with use air from 0.025 per gal 0.05 
per gal liquid treated for period low sec. De-aeration recom- 
mended small compartment, followed the exposure vacuum 
about in. mercury special chamber equipped with surface skimmer 
and bottom raking mechanism. Although number installations are 
reported, little information available the performance the device and 
comparison with other methods. Most the installations are industrial 
wastes. 

Camp Haan, Calif., with vacuator diameter and 10.25 full 
water, the results 30-day test 1944 average flow 0.97 mgd show 
reduction suspended matter around 40% and 5-day B.O.D. around 38%. 
The overflow rate was 4,680 gal per Based 6-month average 
1943, flow 1.19 mgd, the vacuator removed 28.3% the suspended 
solids and the 5-day based the raw sewage. 

San Diego, Calif., May, 1945, vacuators diameter, tests 
the removal suspended solids, with from 29.3 mgd 35.5 mgd flowing 
through the aerator and from 8.3 mgd 20.6 mgd flowing through the vacuator, 
the percentage removal suspended matter ranged from 17.0% 37.2% 


the first vacuator and from 17.7% 39.6% after flowing through the second 
vacuator. 
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Apparently the vacuator device still the development stage, particu- 
larly the pre-aerator. 


CHLORINATION 


According the Public Health Service Census 1943, there were 
1,109 municipal sewage works which were equipped with chlorination appara- 
tus, out total 5,368, 20.8%. However, these works serve 35.5% 
the total population provided with sewage treatment. 

Buffalo, Y., careful and scientific control chlorine dosage the 
period from June, 1938, June, 1945, inclusive, has shown continued efficiency 
removal the Coliform bacteria with reduction total chlorine applied 
(Table 20). The average chlorine application 1944-1945 was 4,390 per 
day. the hourly rate application ranged from 1,500 13,100 lb. 
The data the chlorine demand and use are given Table Buffalo (74). 

Detroit, Mich., single 
TABLE USED unit tank cars are used sup- 
vice installed which indicates 
when car empty, consisting 

age rine 
chlorine discharged from the 
tank car passes through the 
cylinder. When the tank car 
emptied, the cylinder the 
scale loses weight and sounds 
alarm. Nine chlorine evap- 
orators are provided, each with 
Year ending June 30. The chlorine demand, parts capacity 6,000 chlorine 
per million, includes both the demand the raw sewage per day, enough for single 
and supernatant liquid. Percentage Coliform bacteria 
removed. chlorinator. This plant 
equipped with number 

other safety precautions (75). 

Among the new chlorine compounds, chlorine dioxide interest this 
material more affected organic matter than chlorine; and, con- 
sequently, equivalent concentration less effective for disinfection. 
value water treatment for the control chlor-phenol tastes (76). The 
orthotolidine-arsenite (OTA) test enables the determination free available 
chlorine, combined available chlorine, and interfering substances. Although 
this differentiation not ordinarily required sewage chlorination, the OTA 
test may useful under certain conditions (77). 

epidemic (78) infectious hepatitis (inflammation the liver) occurred 
large summer camp and 350 out 572 persons. This was ap- 
parently caused water-borne virus, derived from infected 
near the camp well. tests human volunteers, the chlorination 
contaminated drinking water with residual ppm after min proved 


ineffective. Chlorination the contaminated drinking water with sufficient 
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chlorine provide residual ppm after min contact resulted 
definite attenuation the hepatitic agent, but the virus may have survived. 
“The complete inactivation the causative agent infectious hepatitis 
drinking water may require further modifications methods used for water 
disinfection”’ (78). 

During 1944 the Interstate Sanitation Commission investigated the chlo- 
rine contact period treatment plants around the New York Harbor which 
discharged effluents requiring disinfection. applying fluorescent dye 
the point chlorine application, the actual time contact was determined 
before treated sewage reached the receiving water. this study the chlor- 
inated samples were held for period equivalent the actual contact time 
available the plant (79). 

The effect heavier than normal doses chlorine sewage has been ex- 
plored the laboratory (80), with doses 400 ppm and beyond the 
break point. Such break-point chlorination can destroy ammonia. 
Griffin and Chamberlin conclude that all appreciable B.O.D. reductions 
take place ahead the break point. The greatest reduction per pound 
chlorine applied occurs the first appearance chlorine residual. The 
results some comparative tests are shown Table 21. 


18-Hour RETENTION PERIOD PERCENTAGES AND 


B.O.D. 
Type Sewage (ppm) 
546 35.3 6.43 45.1 1.02 53.1 0.80 
Combined plant effluent........... 27.1 0.76 58.6 0.33 61.4 0.19 
Activated sludge effluent........... 13.6 54.8 1.67 74.3 1.68 83.4 1.26 


Removal the initial chlorine application, with chlorine residual, after hours. Removal 
chlorination the break point. Removal the maximum chlorine application. 


Filter pooling was corrected chlorination, according Winfield 
(81). Filter pooling became noticeable after three years operation. 
was effective certain areas. Two applications chlorine were helpful; 
the first night, use ppm chlorine less ppm demand tank effluent 
left ppm and, the second night, ppm less ppm left49 ppm. Rapid 
unloading then occurred. 

odor control sewers and sewage treatment works, chlorine 
helpful. The trickling filter influent Flint, Mich., treated with 
chlorine dose equal one half the chlorine demand. Rutherford, J., 
both raw sewage and filter influent are chlorinated. Upsewer chlorination 
applied Atchison, Kans., overcome the effect industrial wastes (82). 
Chlorine aided controlling odors during pre-aeration the San Bernardino, 
Calif., sewage treatment plant (83). temporary lagoon receiving oil- 
laden industrial waste by-passed from municipal sewage works, order was 
controlled effectively with sodium hypochlorite (26). Princeton, J., 
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the application iron salts produced from chlorine and scrap iron (84) 
claimed control odor and improve coagulation and the digestion sludge. 
Greenville, C., pre-chlorination and pre-aeration (of the mechanical type) 
are said improve scum collection (85). the other hand, the treatment 
certain Army camp sewage for grease removal, aerochlorination was found 
have beneficial effect over plain aeration (19). However, Mahlie 
indicates difference between grease from Army camps and that received 
municipal sewage works (86). 

The use chlorine activated sludge plants control bulking appar- 
ently not cure-all, for experience both favorable and unfavorable. 
three Army sewage treatment plants Mr. Tapleshay (57) found chlorination 
helpful. This experience was confirmed Kin, Camp Butner, 
(87), when using from ppm ppm, based sludge return flow for from 
days—or sometimes for days longer. survey mechanical 
activated sludge plant operation, septic sewage five plants proved one 
the chief causes bulking (38). Bulking sometimes follows the discharge 
heavy supernatant liquor the raw sewage. Chlorination the return 
sludge four plants, with dosage ppm the return flow, proved 
helpful control. 

Supernatant liquor discharged from digesters increases chlorine demand 
when returned the treatment process, but separate chlorination this 
liquor enables handled without plant upsets (88). Bucyrus, Ohio, 
treatment with aeration, coagulation with chemicals, and chlorination given 
supernatant liquor, necessary, special treatment tank. The settled 
sludge then returned the digester and the clarified supernatant dis- 
charged the raw sewage (38). 

industrial waste treatment plant chlorine utilized (89) destroy 
Chlorine apparently reacts form cyanogen chloride, which quickly 
hydrolyzes nontoxic ammonia and carbon dioxide. The chlorine demand 
paperboard mill waste reported the range strong domestic sewage from 
(10 ppm ppm). Treatment provide residual 0.2 ppm reduces the 
Coli count less than per (90). Direct and vat color dyes present 
the effluent wastes New Jersey textile plant are discharged chlorine 
(91). Chlorination packing-house wastes continues Austin, Minn., where 
some 3,500 4,500 chlorine per day are used precipitate the proteins, 
before discharge the municipal sewers. The sewage treatment plant ac- 
complishes only small additional improvement over the pretreatment with 
chlorine the past summer, shortage chlorine was reported, 
because strike the works one the chemical also 


affected delivery ferric chloride. water plant, however, was entirely out 
chlorine. 


CHEMICAL TREATMENT 


The Committee Sewage Disposal the American Public Health Associ- 
ation (93) summarized the historical development the chemical treatment 
sewage and the status the art 1935. that time the United 
States there were only thirty plants which would classified chemical treat- 
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ment plants, although seven others used chemicals emergency measure. 
1943, according the Public Health Service (94), there were two 
hundred and two plants (Table 22), but these twelve did not use any chemi- 
cals, although they possessed some equipment. 

The number treatment plants employing chemicals primarily for clarifica- 
tion still small, although for the period from 1935 1943 there was high 
percentage increase, part because 
the number smaller plants in- TABLE SEWAGE 


stalled. Apparently the PLANTS AND CHEMICAL 
from 1943 1945, only one chemical UNITED STATES 


plant any size was installed, 

East Chicago, Ind., and far the 
committee can ascertain, none were 

installed Army Navy Canton- 

ments. The enthusiasm during the Total 

period immediately following 1930 

realized and the facts operation, 
efficiency, and costs were developed. 

Seasonal plant Denver, Colo., was built 1937 chemical 
precipitation plant, but has never been operated such, since plain settling 
has sufficed. Except for rare and very short period test, the Minneapolis- 
St. Paul (Minn.) plant has never employed seasonal addition chemicals. 
The abandonment the use chemicals reported Anderson. 

far the committee can readily ascertain, only five plants are actually 
using chemicals regular season (Colorado Springs, Colo.; Waukegan, 
Albuquerque, Mex.; New York City (Coney Island); and Oshkosh, Wis.). 

Uses for Chemical there place for chemicals 
the field sewage treatment relieve overloaded units temporarily while 
planning constructing extensions plant. New Jersey, where inter- 
mittent sand filters are prevalent, the use chemical precipitation advanta- 
geous because the State Board Health regulations permit loading 400,000 
gal per acre per day with chemical precipitation effluent compared with 
loading 150,000 gal per acre per day following plain sedimentation. 

Chemical treatment has proved helpful where much trade waste received 
and pretreatment waste the source, particularly where acid wastes are 
discharged, which need neutralization. 

Chemical treatment has also been helpful the operation mechanica 
activated sludge plants, using copper sulfate lime (38). 

Chemicals chemicals used coagulation sewage are pri- 
marily: Lime, ferric chloride, ferric sulfate, chlorinated copperas, aluminum 
sulfate, combinations. Investigators have found that the addition inert 
materials such diatomaceous earth and paper, addition coagulants, 
accomplishes little. The proposed use Bentonite has made little headway. 
few plants use carbon dioxide from burning gas acidify sewage aid 
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coagulation (95). Controlled application sulfuric acid where considerable 
amounts laundry waste are present may local value. 

Guggenheim Guggenheim (so-called process 
has not yet reached stable position the field sewage treatment. Al- 
though 1943 there were five municipal plants operation and three indus- 
trial plants, still difficult decide whether the process primarily biologi- 
cal, using chemicals aid floc formation, chemical clarification 
process which uses biological floc for stabilization. Apparently the plant 
Anderson has not operated Guggenheim process for many months. 
Operation new plant East Chicago began the spring 1945. 
results are available. 

New the new chemicals reported are few which may 
make, hydrolyzes more readily than alum, and produces better results. 
vated silica small doses along with sulfate alumina materially increased 
compound ferric chloride and protein, has the 
property forming rapidly exceedingly heavy ball-like floc which settles de- 
spite agitation. The sludge produced compacts rapidly and may dewatered 
without further conditioning. Basic sulfate alumina 
produced treating solution sulfate alumina with calcium chloride 
and soda ash, induces rapid floc formation with smaller. doses than required 
with sulfate alumina. 

Research—The theory chemical coagulation and the development 
controls for various procedures were investigated the period from 1935 
1940. the last years, little additional information has come light, al- 
though various workers are still seeking discover new more efficient 
chemicals. 

Where lime employed coagulation, more thorough knowledge has been 
sought its behavior and function sewage treatment, particularly its 
physical characteristics, such particle size, crystalline structure, and solubil- 
ity. When applied under proper conditions, lime still effective coagulant. 

Electro-dialysis has been studied the laboratory aid sewage 
treatment and reducer the quantity chemicals required. Cations 
present the sludge used anolyte passed through membrane, causing 
coagulation the sewage solids. 


APPLICATION NITRATE 
The Sewage 1881, Frank Hatton (96) remarked that: 


“The reduction the quantity nitric nitrogen which takes place when 
fresh sewage added solution nitre, observation which has been 
recorded the Rivers Pollution Commissioners, but authenticated ex- 
periments have knowledge been made the subject during 
the reduction nitrates sewage, generated the liquid and 

perhaps free given off, while absorbed.” 


Rideal (97) notes that heavily nitrated effluent capable improving 
the condition river into which discharged and, further, that the 
effluent chemical precipitation process Ireland was mixed with nitrate 
soda supply more oxygen. 
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The first mention the use of-nitrate soda connection with alleviating 


“As alternative the use permanganate for preventing nuisance 
the river, large quantities nitrate soda were tried, the assumption 
that the oxygen contained therein would utilized the bacteria; but 
the results were not commensurate with the 


Around 1904 Adeney clearly noted (99) the possibility substituting 
nitrates for dissolved oxygen: 


“There can little doubt that nitrates can act substitute for dis- 
solved oxygen for the first stage fermentation the organic matters 
sewage. But when both are present the dissolved oxygen completely 
absorbed before the nitrates are apparently 


1914 Lederer (100) tried substitution sodium nitrate for dissolved 
oxygen the test for oxygen demand and developed systematic procedure, 
which later gave way the present dilution method. 

1923 Messrs. Metcalf and Eddy (101) first practically applied nitrates 
throughout the hours for odor control the Neponset River Massachu- 
setts. later years, around 1928 (102), the nitrate treatment was applied 
when unsatisfactory conditions appeared the river. The treatment said 
have prevented putrefaction. 

Cannery Waste 1940 Sanborn (103) conducted field 
tests the use sodium nitrate lagoons holding cannery wastes. The 
nitrate furnishes oxygen the bacteria decomposing the waste organic matter, 
after the dissolved oxygen the liquor exhausted. 

The method now used many corn canneries screen the corn waste 
liquor and pump lagoon, after adding 150 commercial sodium 
nitrate (16% the waste from 1,000 cases No. cans. Ryan 
(104) experimented 1944 pea waste Red Creek, All process 
water, waste, and wash water (some gal per case No. cans) plus ensilage 
juice from the pea vine stacks, was pumped the lagoons. About tons 
sodium nitrate was added during July lagoon holding million gal. 
depth under best. The 5-day B.O.D. the lagoon liquor rose from 750 
ppm July 1,440 ppm August 10, and declined ppm October 
to0 ppm December 12. the start the lagoon contained consider- 
able rain water. 

Effect Nitrogen effect the addition nitrogen 
digestion paper pulp was tested Straub, Jun. ASCE (105), who 
seeded tanks with digested sludge, then added fresh raw sewage sludge and wet 
pulp, followed ammonium sulfate. The latter was later replaced sodium 
nitrate, because odor. Sodium nitrate affected the digestion the paper 
pulp, that reduced the rate gas production, reduced the methane con- 
tent, and caused more complete breakdown the volatile solids. 


INDUSTRIAL WASTES 


the Second Report the committee (2), reference was made waste 
disposal wartime. Because the volume and character various war 
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wastes and the possibility further activity the postwar period, group 
informative papers have appeared, which are summarized for 1944 the 
Committee Research, Federation Sewage Works Associations, 
Heukelekian, chairman 

Connecticut (106), varied industrial wastes are found, including metal- 
lurgical wastes from brass and copper plants, paperboard mill waste, textile 
waste, and oil and grease and plating wastes. 

Precipitation Copper from Acid Mine Water.—At most copper mines 
copper recovered (107) from the waste waters precipitation with scrap 
iron. From about iron used per pound copper recovered. 
the Hornet mine California, from iron were used per pound 
copper recovered. Various tests were made increase the efficiency. 
Hydrogen sulfide freshly precipitated ferrous sulfide were helpful 
precipitating the copper. 

Brewery Rudolfs (108) concludes that brewery wastes should 
treated part the manufaeturing process and that utilization and re- 
covery useful products are feasible. The wastes may physically, 
chemically, biologically. Anaerobic decomposition has been practiced 
the Standard Brands plant Pekin, with 3-stage digestion for 3.25 days, 
producing 77.5% reduction 5-day B.O.D. 

Canning wastes from the industry canning fruits and 
vegetables (109) aggregates large volume solid and liquid waste. Asa 
rule, the re-use water within cannery impractical. The solid wastes 
should theoretically yield large quantity usable by-products. However, 
such procedure handicapped the seasonal nature the business, the 
perishable nature the waste, and the reluctance canners add additional 
equipment. 

Cannery Wastes.—Cooperative work the health departments 
Indiana, Iowa, Minnesota, Missouri, and Wisconsin, and the National Canners 
Association and the Wisconsin Canners Association produced bulletin 
Waste Disposal (110) supplement the chemical and bio- 
logical treatments described Treating Cannery Waste” 
Lagoons are broadly classified absorption lagoons storage lagoons. The 
conclusions are that, regardless the method disposal, efficient screening 
through 40-mesh screen required. Cooling-tank waters should dis- 
charged separately. Silage stack juices should not discharged 
lagoon. Lagoon treatment offers possibilities complete treatment 
relatively low cost but requires considerable area. The choice among several 
types lagoons will depend largely upon the nature the lagoon soil and the 
proximity inhabited places. Sodium nitrate-treated lagoons offer the 
advantage positive odor control. 

Storage lagoons when nitrate-treated sodium can used for treating pea, 
corn, beet, lima bean, and green bean wastes. minimum daily dose sodium 
nitrate required given Table 23. 

Storage lagoons, untreated, should located considerable distance 
from habitations. Sometimes half mile has not been sufficient avoid 
complaints. Oil surface treatment has been unsuccessful suppressing odors. 
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Absorption lagoons may irrigation fields (where the soil porous and 
affords rapid absorption) lime sodium hydroxide-treated absorption la- 
goons (requiring porous soil). These require considerable distance from 
habitation because odors. The waste strengths and volumes vary widely 
(111). 


TABLE 23.—CaNNERY WASTES 


Description 
Green 


Dosage rate, sodium nitrate*..... 


1 

2 Waste per case, in gallons....... 26 50 25 25 25 
B.O.D.: 

Parts per 200 450 2,500 3,000 2,400 

0.043 0.156 0.52 0.63 0.50 


Rates item are the minimum daily doses required, pounds per 1,000 (No. cases. They may 
reduced 50% admitted into lagoon containing substantial quantity nitrate-treated waste, but 
not including the 25% carry-over from the preceding year. The dosage for corn wastes (200 apply 
either the cream-style whole-grain corn; but, the waste entirely whole-grain corn, additional 

uantity sodium nitrate may required. The dosage for peas (200 lb) applies early peas; the dosage 
late peas can reduced 150 


Citrus Canning Hall, Assoc. ASCE (112), indicates the 
increase citrus production the United States from 44,461,000 boxes 
fruit 1920 141,922,000 boxes 1940. 1943, estimates more than 
800,000 tons citrus fruits were processed annually. More than 400,000 tons 
were waste products. canning, the waste constitutes about 60% the 
weight the fruit. Through the installation drying plants considerable 
tonnage citrus peel turned into stock feed. Investigation waste disposal 
California, Florida, and Texas indicates that practically all waste disposal 
plants separate the solids from the liquid. Further treatment varies. 

Florida, Ingols (113) discusses two distinct citrus canning wastes: 
One, the wash waters from the plant itself; the other, press liquor containing 
from 10% solids. The latter challenge by-product research. 
The canning wastes may emptied into the nearest lake, trucked disposal 
point, discharged into city sewer, lagooned, emptied into drainage wells, 
treated sand filters. The press liquor may emptied into drainage wells 
small lakes lagooned (likely odorous). may concentrated 
citrus molasses, used for producing alcohol yeast production. The press 
liquor may kill trees, placed around the grove. Treatment the liquor 
being tested pilot plant for from 10-hour 20-hour settling, before sand 
filtration. 

Chemical treatment wastes from the Dow Chemical 
Company, Midland, Mich., described Powers (114). The general 
wastes result from the manufacture products other than the phenolic type. 
The oxygen demand due polysulfides, sulfites, alcohols, and many aliphatic 
combinations. Before discharge the river, mgd are settled acres 
ponds. The strong phenolic wastes (1.25 mgd) are stored million gal 
pond (50 acres). The weak waste flows (12 mgd winter; mgd summer) 
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are mixed with the strong waste (and filter effluent recycle when necessary) 
and pumped clarifier the rate mgd, thence four trickling filters 
and activated sludge plant (with three mechanical aerators series). The 
over-all removal from waste pond effluent months 1943-1944 ranged 
from 94.6% monthly averages. 

number chemical industries New Jersey (Hercules, DuPont, Merck, 
Calco, LaRoss, and others) are treating their chemical wastes equalization, 
mixing, and neutralization, with the addition lime, soda ash, and caustic 
soda, various combinations. some cases the resultant sludge vacu- 
filtered. 

Distillery the distillation grain alcohol, there consider- 
able residue, known slop. For many years this was fed livestock, 
screened and run waste. Today large modern distilleries are equipped for 
the more less complete recovery the grain residues because shortage 
animal feed and the price distillers’ grain by-products encourages recovery. 
Boruff and Weiner describe the Hiram installation Peoria, 
considered the most efficient the industry—because centrifuging the thin 
stillage before evaporation solid concentration from 35% 45%. This 
reduces the drying expense (115)(116). 

Laundry volume, characteristics, and disposal laundry 
wastes are considered Gehm (117), with suggestions for pretreatment, 
effort evaluate the effect such wastes sewage. Furthermore, the 
chemical treatment soapy waste waters (118) discussed and the treatment 
synthetic rubber polymerizing soap. 

Packing-house Hill, ASCE (92), indicates the inherent 
difficulties treating packing-house wastes, because the large flow, seasonal 
variations kill, high peak production, strength wastes, high temperature, 
and disagreeable odor. The need pretreatment the packer should 
considered, well the degree final treatment. particular, discusses 
the problem Sioux Falls, Dak., and Austin, Minn., both small streams. 
Austin the wastes are settled and dosed heavily with chlorine, then mixed 
with the municipal sewage. Sioux Falls, the waste settled, flocculated 
with air, filtered through preliminary filters, and discharged into the settled 
municipal sewage ahead the secondary filters and activated sludge. Excess 
activated sludge can diverted into the waste line ahead the flocculator. 
The operating cycle different the winter from summer. 

According Bragstad (119), Sioux Falls the total investment 
the municipal sewage treatment plant $1,300,000, which the packers con- 
tributed $230,000. The annual operating cost $41,000. February, 
1944, the raw wastes were: 


Industrial Domestic 
5-day (ppm) 395 
Suspended solids (ppm) 368 


(120) discussed the wastes the oil industry 1941, the impact the war has 
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resulted many new oil processing procedures, with accompanying waste 
products. The oil industry divided into four parts: (1) Production, (2) 
refining, (3) marketing, and (4) transportation. has its peculiar wastes. 

the oil fields, one the much discussed problems the disposal the 
salt water from producing wells and the prevention pollution public and 
private sources water supply (121). the East Texas oil fields, disposal 
injection into subsurface formations has been tried, well the disposal 
edge wells into producing strata (122). the salt water has largely 
been returned nonproducing formation, whereas should put back into 
the producing stratum, thus washing residual oil from the stratum and fore- 
ing the structural dip accumulate wells (123). 

Various methods for the disposal oil-field waters (124)(125) have been 
considered: (1) Evaporation ponds; (2) evaporation for recovery dissolved 
constituents; (3) diversion into surface streams; and (4) return subsurface 
formations. Cooperative investigations the Bureau Mines and the 
State Oklahoma (126)(127), the State Kansas 
and the State Illinois (133) show the status the methods those localities. 
The successful use ponds for evaporation limited properties producing 
small amounts brine. Plants for recovering salts are usually uneconomical. 
Diversion depends circumstances and the absence poisonous salts. Care 
must taken returning the brines subsurface formation, because the 
possibility polluting water supply endangering oil production. 

The refining division (134) presents the most diversified series waste 
treatment problems for which more less standard methods are effective. 
the refinery from 0.5% 3.0% the crude may lost. The refinery 
wastes fall into the following general categories: 


(a) Free and emulsified oil from spills, etc.; 

(b) Waste caustic, caustic sludges, alkaline waters, etc.; 

(c) Acid sludges and acid waters; 

Emulsions incident chemical treatment; 

(e) Condensate waters from distillate separators and tank drawoffs; 
(f) Tank bottom sludges; 

Coke from equipment tubes, towers, etc.; 

(h) Acid gases; 

Waste catalysts, filtering clays, etc.; 

(j) Special chemicals from by-product chemical manufactures; 
(k) Cooling water; and 

Sanitary wastes. 


The handling waste caustic may prove difficult and costly problem. 
the other hand, acid sludges may the source recoverable acid and fuel. 
one large refinery 1.2 tons sulfuric acid was used 1943 per 1,000 barrels 
crude than million tons acid are reclaimed annually from acid 
sludges the United States. Emulsions are difficult break. Cooling 
water makes nearly the entire volume waste water from petroleum re- 
finery. However, oil separators are required insurance against accidental 
Asa general practice, separation sanitary wastes seems advisable. 
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The general activities the oil industry matters waste disposal are 
largely centered the committees the American Petroleum Institute 
This has resulted the A.P.I. separator, which functions separate free oil 
from water flowing through. However, such device will not break emulsions, 
Biological growths the cooling water and sewer systems need attention, 
well the waste caustic. Controlled discharge helpful. The treating and 
breaking emulsions under study, well the removal taste and odors. 

Spent Pickling Hoak (135) has reviewed the processes 
devised for the recovery iron salts from spent acid pickling liquors. Thus 
far the possibility realizing financial profit from the treatment disposal 
waste pickle liquor not all promising. The recovery copperas 
established operation, but supplies only partial solution the spent liquor 
disposal problem because the limited market for the product. Many steel 
mills can dispose their pickling liquor only after treating with lime 
neutralize the free acid and precipitate the iron. Frequently limestone 
slurry used. For this purpose dolomitic limestone practically useless. 
Substantial economy may result from the use pulverized high-calcium 
limestone, neutralize the free acid and precipitate part the iron, and lime 
complete the treatment (136)(137). The recovery free acid from pickling 
liquors has been investigated Mr. Gehm (138). 

Pulp, Paper, and Paperboard.—The manufacturers pulp, paper, and paper- 
board (4)(139) have formed National Council for Stream Improvement 
attack the problem paper wastes pollution from the standpoint recovery 
usable materials, treatment wastes before discharge, and improvement 
stream waters increase the ability accept wastes. 

the past years, water pollution surveys Maine, Oregon, and Wash- 
ington have focused attention the problem disposal sulfite waste 
liquor. The recovery by-products, such ethyl alcohol from sulfite waste 
from wood waste, has been demonstrated, but the economics such pro- 
cedure are still undetermined. 

The total quantity papermaking materials used 1939 was 15,323,705 
tons (140). From this, 13,509,642 tons paper and boards was manufactured. 
The losses are estimated Table 24. 


AND REDUCTION 
Quantities 
retained 


New wood pulp 8,650,423 365,361 157,901 523,262 8,127,161 
Other fiber 5,526,859 248,710 547,628 796,338 4,730,521 
Nonfibrous 1,146,423 97,261 397,202 494,463 651,960 

15,323,705 711,332 1,102,731 1,814,063 13,509,642 


One the war developments was the demand for paperboard containers 
and the reclamation wastepaper. According the Department 
Agriculture, the paperboard mill has much larger per cent losses fiber 
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than the new wood pulp mills (140). the total losses fiber other solids, 
1,102,731 tons for all materials used papermaking 1939, 348,804 tons 
were from wastepaper mills, 31.6%. Apparently the paperboard mill 
should close its market. Consequently, the problem paperboard 
wastes has developed in, adjacent to, the larger metropolitan areas con- 
siderable degree. 

Useful data various mill processes and wastes are detailed 
Eldridge (141). Consideration being given recirculation process water, 
the value efficient save-alls reclaiming usable stock (142). Mr. Gehm 
(90) discusses the effect paper mill wastes sewage treatment plant opera- 
tion and the response such wastes treatment. 

Textile investigation textile wastes large part the 
function the Textile Foundation (143). With the development various 
new synthetic fibers, such viscose rayon (144), new waste problems have 
arisen. 

Wine wastes are treated current processes 
recover the raw materials used for making tartrates (145) and alcohol (146). 

Effect Industrial Wastes Sewage Works Operation—Among the indus- 
trial wastes which affect the operation sewage treatment works are found the 
following: 

Rubber Wastes.—At Akron, Ohio, Schaetzle (147) reports that plant 
operation affected the large load from the manufacture rubber com- 
modities, particularly wastes from the reclamation used rubber. Some 
form pretreatment suggested. 

Cyanide Wastes.—The effect cyanide case hardening copper and zinc 
plating wastes the activated sludge treatment discussed Mr. Ridenour, 
and Greenbank (148). The wastes contain sodium cyanide. Pretreatment, 
before discharge, with lime-sulfur calcium polysulfide, suggested, which 
may result high concentrations sodium thiocyanate, calcium polysulfide, 
and small amounts sodium cyanide. Certain limits tolerance were found. 
general, the process showed 


quick recovery (generally TABLE Limits 
days) from the effect exces- PER MILLION) 
waste. The limits tol- 
erance NITRIFICATION 
presented Table Suspended 

25. Further tests (149) the solution 

Carburizing........ 500 2,200 >2,200 
and zine plating wastes in the Zinc plating........ 500 1,2 >1.200 
laboratory showed increase 


gester gas. Apparently large 
concentration various wastes may occur the sewage before the digestion 
process materially affected. 

Interference with Digestion—At Lockport, Y., copper and chromium 
salts are reported interfere with digestion. Kenosha, Wis., wastes from 
the brass works seriously interfered with digestion (150). 
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Paper Wastes.—At Neenah-Menasha, Wis., Baetz reports that the 
large amount clay discharged into the sewers the paper converting mills 
has prevented the use sludge fertilizer. 

few sewage treatment plants receive wastes from plants manufacturing 
pulp, paper, and paperboard products. Most such wastes are from paper- 
board mills (Chicago, Grand Rapids), and are high suspended matter and 
considerable volume. According Mr. Gehm (151)(90), partly treated board 
mill wastes can handled municipal sewage treatment works, the volume 
such waste reduced substantially reuse process water. New 
Brunswick, Sol Seid notes that ton dry solids per day from converting 
mill, the total flow, does not appreciably affect digestion vacuum 
filtration sludge. 

Oil wastes from industry may seriously interfere with sludge digestion and 
sludge dewatering, Lockport (26). Lancaster, Pa. (152), under 
war conditions, frequent discharges oxidizing drying oils, mineral oils, 
and casein paints interfered with sludge digestion and activated sludge treat- 
ment. 

Mass Effect.—The effect varying quantities waste from thirty-three in- 
dustries (153) was noticeable the Rahway Valley Joint Meeting plant 
sedimentation, sludge volume, digestion, gas production, and 
sludge drying. general, the sludge volume increased, the digestion time 
lengthened, the gas production was reduced, and the sludge drying became more 
difficult. The largest quantity waste came from the chemical and paper in- 
dustries. Other wastes contained solvents, soaps, oils grease, pickling 
liquor. 

Industrial Wastes and Fish Ellis (154) considers the effect 
fish life pollution hazards from settleable solids, substances having oxygen 
demand, acidity and alkalinity, changes salinity, and specifically toxic sub- 
stances. recommends minimum dissolved oxygen content ppm, 
relative acidity between 6.5 and 8.4. Toxic substances may affect fish 
life destroying the fish food organisms. Townsend and Mr. Cheyne 
(155) found from experiments silver salmon fingerlings that, the low dis- 
solved oxygen concentrations frequently encountered polluted areas, the 
changes hydrogen ion concentration may large factor the mortality 
fish such areas. Near the limit low dissolved oxygen concentration 
tolerance, increasing the hydrogen ion concentration produces the same effect 
lowering the oxygen. high dissolved oxygen, the alteration 
various acids and the presence sulfuric acid ppm were not toxic 
fish. Messrs. Townsend and Cheyne conclude that acid materials should not 
discharged into waters frequented fish when the dissolved oxygen con- 
centration may approach the minimum that fish can tolerate. 

Charge for Industrial many years Great Britain certain 
municipalities have made charge for handling industrial wastes municipal 
plants. The rates were usually arrived negotiation and contract. Under 
the revised Public Health Act (156) provision made for suitable by-law 
(or American parlance, ordinance) fixing rates, passed the various 
municipalities affected. the discussions which followed, the authorities 
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operating the Mogden (England) plant suggested total rate based the 
respective factors volume, solids, and organic content suitably priced. 

the United States various municipalities have negotiated arrangements 
for charges, either lump sum per million gallons flow. Recently 
Buffalo, connection with sewer service rental charge, industrial waste 
survey was made four hundred twenty-eight establishments. formula 
(157)(58)was devised for special rates charge two hundred thirty-four 
industrial plants whose waste load causes increased treatment expense. The 
special charges are computed reimburse the authority for the cost chlorine 
consumption and chemicals and power used for the disposal solids 
excess the normal sewage requirements. The Buffalo method may fit its 
particular situation. However, gives recognition the B.O.D. load 
imposed the treatment works. 

Besselievre, ASCE (159), analyzes fair charges for handling indus- 
trial wastes municipal plants, considering volume, strength, and character. 
Logically, the rate for industrial wastes should include proportionate part 
the fixed charges well operating cost. One way ascertain the normal 
suspended solids and B.O.D. content the domestic sewage, well the 
industrial wastes, and determine how much the industrial waste exceeds the 
normal. With plant operating costs available, coupled with information 
the average amount suspended solids and removed domestic 
sewage, and knowledge the suspended solids and B.O.D. the industrial 
waste, suitable charge can computed. 

Another method suggested assess the industry for the entire amount 
suspended solids and contributed its wastes and charge for 
each, New Brunswick (90)(160), which charges each waste producing 
industry $22.00 per million gal flow, $5.00 per ton solids, and $5.00 for 
each 100 chlorine demand. 

Another suggestion that industry should charged for handling its 
wastes, subject credit for such taxes pays the municipality. 

Celina, Ohio, vegetable cannery paid $2,000 annually, 
creamery $350.00, and stearic acid company $50.00—making total $2,400. 
Celina has activated sludge plant, serving domestic population 5,000 
(161). 

Some industrial wastes are such character that they should not ad- 
mitted the municipal sewer system, irrespective charge. 


SLUDGE FERTILIZING MATERIAL 


The use sludge fertilizing material recognized dependent its 
type, quality, and the proximity the sewage works the point use. Fresh 
sludge digested sludge, whether wet, air-dried, vacuum filtered, has 
normally value akin that manure and should treated Several 
sewage works air-dry digested sludge and heat-dry the material for bagging. 
With the shortage organic nitrogenous material during the war period, local 
demand arose, which was not always sufficient warrant heat-drying the 
entire sludge output. With the return the fertilizer field many competi- 
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tive organics, the future for heat-dried digested material east the Rockies 
not bright. 

Heat-dried activated sludge carries enough nitrogeneous matter warrant 
shipment bulk more than 1,000 miles. present only four plants produce 
the United States—the Calumet and Southwest Worksof District 
Chicago, Houston, Texas, and Milwaukee, Wis. demand 
greater than the supply. Whereas Milwaukee sells about half its output 
bagged, Chicago and Houston sell bulk. All bulk material goes mixers, 
who combine the sludge with chemical nitrogen, phosphate, and potash, make 
balanced fertilizer. The market for such material largely the South- 
eastern States and Texas. 

Disposal sludge economic problem. rule, the cheapest way 
adopted. However, works operator need feel discouraged can regu- 
larly and continuously dispose the sludge from his plant. can obtain 
some income, Probably the great bulk air-dried digested sludge 
the United States given away. 

Because the claims various schools thought fertilizer, Salis- 
bury (162) has presented some unbiased facts about organic and mineral 
fertilizers. Humus contains decayed organic matter very small particles. 
One its outstanding functions augment the capacity the soil retain 
water and hold soil nutrients for use plants required. This point 
view confirmed the fact that possible grow plants sand, 
provided dilute nutrient solution supplied and good aeration maintained. 
Hence, organic matter the soil more practical convenience than 
sheer necessity. 

Although one with any knowledge soils denies the value adequate 
organic material, there evidence any special virtue farmyard manure, 
composts, muck. Every plant takes mineral fertilizers and could not 
exist without them. Nitrates properly used and not abused are equally 
effective, whether supplied fertilizer soil bacteria. 

need for mineral fertilizers grew pari passu with the growth horticul- 
ture. The value humus still evident. 

there were anything deleterious the use mineral fertilizers, some 
allege, would surely have manifested itself Rothamsted, England, where 
cereals have been grown side side the same type soil, continuously 
manured with organic mineral fertilizer, for more than century. Accord- 
ing the variations the weather conditions, sometimes one, sometimes the 

other, method supplying the requisite nutrients yields the better crop. 

Mr. Salisbury concludes with: 


“Tt will realized, from what has been stated above, that the presenta- 
tion manurial problems controversy concerned with organic manures 
versus mineral fertilizers due confusion thought and complete failure 
apprehend either the facts the problem. Seen its proper relation 
the mineral nutrients, the organic fraction sense substitute for 
them but means inter alia rendering them more effectively available.” 

“Each renders the other more effective, and though mineral nutrients 
are indispensable for the growth plants since they are essential raw 
materials which vegetation manufactured, yet without the organic 
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material other colloidal medium the efficiency the nutrient supply 
liable impaired and the maintenance balanced soil economy but 
wastefully 


The commercial outlook for organic nitrogenous material still uncertain. 
Any city contemplating the manufacture heat-dried activated sludge should 
carefully investigate costs and returns, and any case provide for other ways 
disposal, such incineration dried sludge. 


LITIGATION 


the present time, pollution case before the United States Supreme 
Court (No. original) brought the State Illinois against the State 
Indiana—City Hammond, City East Chicago, City Gary, and City 
Whiting—to restrain the state and its agencies from polluting Lake Michigan, 
the source drinking water for Chicago and surrounding territory northern 
Indiana and Illinois. The Court appointed Special Master, Luther Smith 
St. Louis, Mo. The case somewhat unique that, although testimony 
has been taken, much has been accomplished. the suggestion George 
Barrett, Attorney General Illinois, and Meserow, Assistant Attorney 
General, arrangements were made whereby the various municipalities and 
industries have supplied information their respective situations and have 
indicated what steps they were prepared take relieve the situation. The 
primary objective remove far practicable all pollution containing 
sanitary sewage from Lake Michigan, reduce the discharge suspended 
matter and B.O.D. markedly, and eliminate all taste-producing wastes. 
After each individual situation investigated, stipulation drawn out- 
lining the objectives sought and indicating broadly the necessary work 
Because the war conditions, liberal period time has necessarily 
been provided develop details and build necessary work, without interference 
with the war effort. 

Activated sludge plants were operation Gary and Hammond prior 
the initiation the suit. the spring 1945 Guggenheim process plant 
went into service East Chicago. Arrangements have been made whereby 
two thirds the sewage Whiting discharged into the Hammond sewerage 
system for treatment. Several industries have already diverted their sewage 
into municipal sewage treatment system, others are preparing so. 

During the progress the suit, the State Indiana revised its public health 
laws and the governor appointed Stream Pollution Control Board with 
power act. Asa result, there has been extraordinary urge for the abate- 
ment stream pollution Indiana. unique monograph (163) explains the 
potential demand for water and sewerage facilities; the financial ability 
municipalities pay for improvements; the details financing; the legal 
authority cities construct water, sewer, and sewage treatment facilities, 
and the general authority finance sewer and water services. 


REPORTS 


Emerson, Members, ASCE, outline program for improvements and additions 
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existing facilities (164). This report reviews the sewage treatment 
Akron since 1912 and the operating and analytical data. The present plant 
greatly overloaded. somewhat improved can made adequate for 
flow mgd. New works are required for the additional 37.5 mgd. For 
this service Messrs. Havens and Emerson recommend new complete activated 
sludge plant with separate sludge digestion tanks and mechanical dewatering 
and incineration for all sludge. 


New DISEASE 


study epidemic diseases Commission Measles and Mumps 
the Army Epidemiological Board, Preventive Medicine Service, Office the 
Surgeon General, Army, indicates that infectious hepatitis (inflammation 
the liver) may water-borne disease, the causative agent being excreted 
the feces persons with the disease. Neefe and Stokes, Jr. (165), 
state: 


“This appears the first epidemic infectious hepatitis (not homolog- 
ous serum hepatitis) which experimental evidence the method 
transmission has been obtained. far known, this also appears 
the first satisfactory evidence the natural transmission man any 
virus agent 

Respectfully submitted, 


JoHN CLARK 


WELLINGTON DONALDSON WILLEM 


KEEFER 


LANGDON Chairman 


Committee Sewerage and Sewage Treatment 
January 16, 1946 
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DISCUSSIONS 


THE MECHANISM ENERGY LOSS 
FLUID FRICTION 


Discussion 
Boris BAKHMETEFF AND WILLIAM ALLAN 


Assoc. Am. Soc. step forward treatment ‘‘a very stubborn 
the reviewers express it, and “stimulus creative 
all that the writers could aspire summarizing the results years cogita- 
tion and study. The encouraging comment practical engineer like Mr. 
Stevens especially appreciated. Mr. Rich has once seized upon the pos- 
sibilities extending the new approach toward energy balance dis- 
continuity” “separation” zones. This field special importance, 
separation forms the basis all resistances the “local” type. 
For the laminar case, Mr. Rich’s solutions are indisputable. Unfortunately 
practice, most separation zones are highly turbulent condition, and here 
the difficulties begin the physics become very and the factual 
knowledge most defective. The writers hope return the subject some 
not too distant future. 

Messrs. Rouse and Kalinske have generously added the original paper. 
The remarks which follow, and largely with their discussion, are 
offered the same cooperative spirit contributing toward better under- 
standing complex case. The writers realize only too well, how difficult 
for reviewers, especially subject lies the field their own interest, 
adjust their viewpoint that the writers and disengage themselves from 


the particular problems which their own thoughts. Indeed, the 
statement that— 


the application these concepts [the different phases the energy 
exchange mechanism] laminar and turbulent flow alike served conceal 


paper Boris Bakhmeteff and William Allan was published February, 1945, 
Proceedings. Discussion this paper has appeared Proceedings, follows: September, 1945, George 
Rich, Stevens, and Leon Beskin; and November, 1945, Hunter Rouse and Kalinske. 
Prof., Civ. Eng., Columbia Univ., New York, 
Associate Prof., Civ. Eng., School Technology, College the City New York, New York, 
Received the Secretary April 18, 1946. 
Proceedings, Am. Soc. E., June, 1945, 958. 
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rather than emphasize the fundamental difference between the two types 
motion.” 


—indicates that Messrs. Rouse and Kalinske have misinterpreted the purpose 
the paper. 

The major objectives the paper were reveal what Mr. Rich aptly 
describes the “‘spatial implications the energy balance,” and show that 
these implications, which embody the interrelations between the different 
phases the process, are wholly determined (1) the shape the velocity 
profile, and (2) the stress distribution. fact, the same mathematical 
expressions describe the quantitative features the process irrespective the 
nature the physical agencies that happen shape the flow pattern. There- 
fore, the unity and not the difference the fundamental premises which the 
writers tried emphasize. 

approaching any natural phenomenon two questions arise, the “how” 
and the “why.” The “how” relates the functioning observed, and 
implies comprehensive interpretation factual data derived from experiment, 
without recourse ambiguous conjectural assumptions. Thus, the graphs 
Figs. 11, and portray the energy balance mechanism unfolds 
the laminar and the turbulent case, with the graphs typifying observed un- 
questionable facts. The human mind, the other hand, never satisfied 
with knowing only the “how”. naturally strives penetrate into the 
mysteries the universe and unveil the internal working things, 
endeavor answer the This realm fascinating even usually 
closely guarded; necessarily, realm hypothesis, conjecture, and guess- 
work. 

The writers have nothing but commendation for the effort the discussers 
penetrate deeper into the the internal turbulence mechanism, but 
word warning might inserted against the danger placing too much 
emphasis the alleged similar traits the internal workings “‘eddy kine- 
matic viscosity” with the customary The elegance single mathematical 
form for expressing stress both instances, should not shield the essential 
differences physical phenomenology. The important point, however, that 
the comparative analysis presented Messrs. Rouse and Kalinske relates 
principally the stress-producing process, and bears only indirectly the 
energy exchange The pivotal point the case the concept what 
the writers term the “transmittance Messrs. Rouse and Kalinske 
seem visualize the latter bodily transfer kinetic energy, inasmuch 
they state: 


“Tn order rigorously acceptable the mechanics sense, the authors’ 
concept energy borrowing and transmission must involve actual mass 
exchange between neighboring zones flow.” 


The writers brought out the new concept the internal energy transmit- 
tance process physical fact, based upon direct observational data. What- 
ever the internal workings, the function dynamic reality because there 
extant velocity and stress distribution. The ostensible “how” indisputable, 
independent whatever hypothesis used disclose the secrets the 
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internal any event the internal process does not imply bodily 
transfer kinetic energy. The concentration borrowed energy near the 
wall zone cumulative process; and, such accumulation were affected 
‘bodily transfer kinetic energy from one layer another, the transfer would 
necessarily require compensation appropriate reduction the kinetic 
energy the axial direction. Kinetic energy uniform motion remains un- 
changed. fact, all the borrowing and transmittance unfolds the expense 
the potential energy, the withdrawal which manifested the axial 
pressure drop. 

Work energy not physical entity such salinity, sediment, heat, 
which are transferred the course diffusion. Work composite quantity 
involving force and displacement. belt, sequence gears, mechani- 
cal system conveys the force, whereas the kinematics mechanism conditions 
the displacements. moving fluid the extant velocities and stresses supply 
the constituents; they combine shaping the transmittance process and the 
resulting spatial accumulation borrowed energy. The writers feel that 
concentration the idea bodily energy transfer, instead acceptance the 
extant mechanical implications the process prompted the rather severe 
attitude Messrs. Rouse and Kalinske toward the mechanical analogy used 
the writers. Perhaps should explained that, long before the paper took 
final shape, the writers different occasions discussed the subject matter with 
members the profession. There never was any difficulty about the borrow- 
ing and spending phase, but was not always easy the implica- 
tions the transmittance function; and just for this reason the writers took 
recourse mechanical analogy, with repeated and distinct success. 
course, analogies may objected general principles. Indeed, the 
question has preoccupied the science logic since the ancient days Aristotle’s 
“Organon” down the present-day scientific epistemologists. Obviously 
analogy only simile and therefore not proof; but, the words Ray- 
“so luminous.” 

The graphs Fig. deserve every possible commendation. There only 
one reservation and that regard curve 6(f) Fig. (f), which termed 
spending curve, with the concomitant curves and Fig. 
the paper the writers systematically insisted distinguishing between the 
process effecting loss the main flow energy, and the events the superim- 
posed turbulent structure. fact, the term was used exclusively 
signify the disappearance the main flow energy, whether caused direct 
local dissipation conversion into eddying vortical form. The sequence 
the different phases and their spatial distribution were presented schemati- 
cally Fig. concepts underlying this diagram constitute, the view 
the writers, the very essence the over-all turbulent pattern. 

The first question which arises connection with the interpretation 
curves 6(f) Fig. whether not local spending the main flow 
energy the central zone accompanied any appreciable local generation 
turbulence. this connection should noted that, the light recent 
knowledge, turbulence may properly defined product disintegration 
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tion eddying patterns, exemplified the rolling flow filaments under 
the influence excessive strain, accompanied highly concentrated ab- 
sorption main flow energy. The larger part such absorbed main flow 
energy dissipated place through viscous attrition, and only comparatively 
small part the absorbed energy may survive the form disintegrated 
eddies, which vitalize and manifest turbulence. single investigator has 
contributed more toward proper quantitative understanding these facts 
than has Professor Kalinske.** 

Whether not turbulence produced the course local spending the 
central zone depends the intensity the local viscous strains, engendered 
the course the swarming motion the large turbulent eddies. the 
present state knowledge, scholars cannot answer this question conclusively 
either one sense another. They can state definitely, however, that, even 
local turbulence happened generated, the added turbulent energy would 
only small fraction the locally spent main flow energy and that, turn, 
the local rate which energy spent the central region only minor part 
the total energy. Thus, under all circumstances the locally generated tur- 
bulence insignificant comparison with the bulk turbulence, that appears 
and diffuses from region near the wall the conversion zone. That the 
reason why, when visualizing the over-all turbulent pattern Fig. 14, for 
all practical purposes, the turbulent energy added the central zone may 
neglected, and turbulence may simply considered superimposed pattern, 
arising from the conversion the main flow energy accumulated transmit- 
tance the near-wall zone, and spreading from the latter. Under all circum- 
stances, maintain the proper perspective the succession events, the 
process local spending the main flow energy and the dissipation turbulent 
energy diffusing from the wall region should kept separate. Embracing the 
two under single spending concept, done the discussers, inevitably ob- 
scures the broad spatial implications the turbulent flow mechanism. 

The questions may raised, course, where the zone ends 
and what delimits the inner region which the eventual local generation 


turbulence held negligible. stands reason, furthermore, that one zone 


passes into the other gradually, and that the rate turbulence generation 
increases continuously, that the distinction between the central and wall 
conversion zone best question relative The answer 
that there are many instances (as, for example, interpreting Eq. 45) 
which the predominance one factor the other lends ostensibly distinct 
over-all characteristics phenomenon, substantiating once more the dictum 
Hegelian dialectics that certain degree changes into quality.” 
Figs. and indicates distinct and rather abrupt change 
physical circumstances after the reversal point passed, especially re- 
gard the transmittance which starts decline rapidly, evidencing 
greatly intensified absorption energy. this reason the writers broadly 
associated the wall “conversion” zone with the reach between the reversal 
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surface and the solid boundary. The writers would not surprised 
future research were show that, actually, the region active turbulence 
generation much narrower (see last paragraph Section 11, the paper). 

The discussers refer Taylor’s classical Theory Turbu- 
When that paper was written, the existence and the réle the trans- 
mittance phase were not realized, and was only natural present facts 
without taking this basic function into consideration. Hence, Fig. 34, which 
appeared Mr. Taylor’s paper and was reproduced subsequent commenta- 
the local spending main flow energy 
(curve was set face face with curve por- 
traying local dissipation turbulent energy. Channel 
Curve corresponds the accrual the ordi- 
nate measuring the difference between and 
OC, Fig. 14, whereas curve Fig. 34, exempli- 
fies the rate decay the curve Fig. 14. 
Physically, the Taylor curves refer phases, 
which are not interrelated any direct fashion 
and therefore are not comparable. 

very interesting part the Rouse and 
Kalinske discussion related Fig. 33, and 
attendant Eqs. 103 and 104. not clear 
whether Eq. 103, which, represents the cumu- 
lative spent energy W,, was established the 
discussers independently. However that may 
be, Eq. 103 follows directly from substituting 
43a and 43b, with the discussers’ symbols, into Eq. 44, making 


o 0 0 


which, for the logarithmic velocity curve, leads to: 


seeking what they claim more general and significant interpreta- 
tion than the writers’ analysis (based initially the premise identical 
hydraulic slope), the discussers merely demonstrate what already presented 
the curves Fig. 17(6), which serve account for smooth and rough boun- 
daries the entire process forjthe range high Reynolds’ 
numbers, where fully developed rough patterns have been attained and where 
the shape the velocity curve terms remains practically unchanged. 
The aforementioned outlines are based observed data, and the conclusions 
cannot questioned. Inasmuch the curves Fig. are intended 
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Vol. CLI, 1935, pp. 462-464. 


Developments Fluid edited Goldstein, Clarendon Press, Oxford, 
England, Vol. II, 1938, 396. 


and Energy Dissipation,” Kalinske, Transactions, A.S.M.E., Vol. 63, 1941, 41. 
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represent essentially the same facts Fig. 17, both sets should point toward 
identical conclusions. The implications drawn from Fig. 33, however, 
are diametrically opposite. The fundamental idea revealed Fig. that 
the spending curve for rough boundaries lies above the smooth outline—thus, 
with increase roughness, relatively larger part the over-all energy 
spent the central region and therefore smaller part left for concentration 
through transfer and for ultimate conversion into eddies the near-wall 
region. Contrary the foregoing interpretation, Fig. 33, the part 
energy alleged spent the wall zone shown increase with the bound- 
ary roughness. first this might seem fundamental discrepancy; but 
glance Eq. 106 (which was used the discussers preparing Fig. 33) 
indicates that, for the same relative distance the proportionate part 
the spent energy increases with the friction coefficient and that therefore 
within the reaches where the logarithmic velocity equation does apply, the 
general properties indicated the curves Fig. are substantiated. 

The reason for this inconsistency found the method used for 
calculating Fig. and primarily the manner selecting the integration 
limits. the discussers state, the present knowledge flow circumstances 
the proximity rough boundaries very meager, and guesses “just what 
happens” remain matter complete The discussers proceeded 
way certain assumptions (which all fairness were just good any 
other premises based preconceived theoretical notions) without solid 
foundation actually known facts. the other hand, seen from Fig. 17, 
the near the wall rise very abruptly that slight difference 
assumed transverse distances may lead widely diverging results. The 
writers feel, sincerely, that the revealed discrepancy offers pertinent example 
the type questions the further study which usefully stimulated the 
discussion. 

general, space will not permit thorough analysis the question what 
constitutes the limits the “boundary Moreover, stated, for rough 
boundaries, additional factual knowledge needed urgently. For smooth 
surfaces the question can approached with some measure certainty. 
Thus, that the numerical value the so-called distance friction 
parameter 11.6, Eqs. 101 and 102, actually refers the intersection 
the extended straight laminar sublayer line with the prolonged turbulent curve, 
and that therefore reality the value 11.6 represents distance from the wall, 
which larger than the thickness the purely laminar sublayer and consider- 
ably smaller than the total transverse dimension the over-all boundary 
region beyond which fully turbulent regimen established. Usually the 
thickness the latter associated with 30. this light the appraisal 
for the wall-zone spending, appearing Eq. 102 and reflected Fig. 33, are 
much too small and lead erroneous perspective. Equally misleading are 
the presentations the French scientists (Fig. 32), who used the wholly un- 
justifiable parametric value 15. Actually the energy lost the laminar 
sublayer only about one half the indicated amount. Also the main flow 


Turbulent Flow,” Bakhmeteff, Princeton Univ. Press, Princeton, J., 
1936. pp. and 


ene 
ges 
cor 
ord 
cer 
full 
gen 
que 
sub 
con 
gen 


June, BAKHMETEFF AND ALLAN ENERGY LOSS 863 


energy spent the turbulent central region considerably smaller than sug- 
gested Figs. and 33. Indeed, the case smooth pipes the energy 
concentrated and used for conversion the entire boundary region the 
order 80% the total; and, far approximate appraisals are con- 
cerned, Eqs. seem represent events truer fashion. Messrs. Rouse 
and Kalinske, well the French scientists, seem disregard, entirely, the 
and function the transitory region between the laminar sublayer and the 
fully developed turbulent zone, clearly indicated the Nikuradse experiments. 
The writers feel, that this zone the main seat the turbulence 
generation process. 

The writers could not close this paper without referring the very vital 
questions raised Mr. Stevens regard watercourses, which the maxi- 
mum velocity filament below the surface. the stream gaging manual 
Geological set typical velocity curves shows the maxi- 
mum velocity, all instances, occur the surface the stream; this 
contrast earlier assumptions, which the fastest filament was invariably 
placed below the surface. The reason for the “drowning” the maximum 
velocity, which always occurs comparatively narrow channels, has been 
subject lively discussion for many years. Generally, the phenomenon may 
traced secondary currents, always present nonsymmetrical 
perhaps the most plausible explanation was the one given Ludwig 
The writers dealt only with two-dimensional flow, which case the maximum 
filament would the surface. For the present, available knowledge the 
more complicated three-dimensional patterns much too meager permit any 


comprehensive energy-exchange analysis, except way broad qualitative 
generalizations. 


Procedure,” Don Corbett, Water-Supply Paper No. 888, Geological 
Survey, Printing Office, Washington, C., 1943, 36. 


Ingenieur Archiv., Vol. 1930, 306. 


die ausgebildete Prandtl, Proceedings, International Cong. for Applied 
Zurich, Switzerland, 1926, 70. 
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DISCUSSIONS 


TECHNICAL SURVEY—BROOKLYN BRIDGE 
AFTER SIXTY YEARS 
SYMPOSIUM 


Discussion 


GRONQUIST, AND BLAIR BIRDSALL 


the past always engrossing, engineering other fields. that 
part the Symposium the Brooklyn Bridge concerning the practical diffi- 
culties the construction job the eighties, will seen from Mr. Seely’s 
account that the problems today are the problems the past. Because 
the ingenuity and capacity the engineering pioneers the past, the solution 
that day now has become routine. 

The analysis the stresses the stiffening trusses the Brooklyn Bridge 
complicated the unusual conditions fixity the towers and hinged 
connections the centers the three spans, combined with the action the 
overfloor stays stiffening the suspended structure. The solution has been 
handled practical manner that undoubtedly sufficiently accurate. The 
deflection theory correction the simple span part the side span can 
estimated closely the use buckling but the correction the main 
span and the cantilever part the side span most difficult estimate 
and not constant. These corrections were approximated the investigators 
with the help the results the test loading the structure. 

The overfloor stays are considered add much the esthetic appeal 
the Brooklyn Bridge, and addition they contribute greatly the stiffness 
the structure. The long side span, with the center hinge eliminated, still 
would very flexible were without the stays. This fact should require 
careful consideration the complete rebuilding the structure. 

The relative effectiveness the outer trusses measured their stiffness 
much less than indicated comparison moment inertia, since de- 
flection proportional the total buckling load—the sum the buckling 


Symposium was published January, 1946, Proceedings. Discussion this paper 
has appeared Proceedings, follows: April, 1946, Isidore Delson, and Kennard Thomson; and 
May, 1946, Theodore Belzner. 


Associate Engr., Robinson Steinman, New York, 

27a Received the Secretary April 22, 1946. 

Discussion Gronquist ‘‘Rigidity and Aerodynamic Stability Suspension Bridges,” 
Steinman, Transactions, ASCE, Vol. 110, 1945, 490. 
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load the truss and the value the cable The proposed replace- 
ment the shallow outer trusses the deep intermediate trusses, now not 
directly connected the cables, fully justified; will decrease the total 
stiffness the bridge entirely inappreciable percentage. 

The report the physical examination New York’s first suspension bridge 
more than sixty years after its completion attests the thoroughness the 
workmanship employed its construction, and the results the tests the 
cable wire and truss metal are the whole reassuring. The authors and their 
associates are complimented the thoroughness and effectiveness with 
which they attacked the interesting problems attendant making technical 
survey the condition the historic Brooklyn Bridge. 


Assoc. papers composing this Sym- 
posium represent not only ingenious and competent study very compli- 
cated engineering problem but also fitting tribute present day engineers 
the lasting genius the creators the Brooklyn Bridge. The subject has 
been well covered the four papers but the following comments may prove 
interest footnotes some the statements the Symposium. 

printed matter could appear more dry and uninteresting than the 
publication entitled, Taken the Committee Commerce and 
Navigation the Assembly Relation the New York and Brooklyn Bridge 
Pursuant Resolution the Assembly, Passed February 
ever, one who has interest the history the Brooklyn Bridge the 
cities New York and Brooklyn, this book makes reading which exceedingly 
interesting not exciting. includes the testimony taken pursuant the 
petition Willis James and others mentioned Mr. Seely under the 
heading, and Political Difficulties.” The following excerpts from 
this testimony will considerable interest those who have read the Sym- 
posium. startling contrast with the years’ service record the 
Brooklyn Bridge. 

Edward Serrell, Jr., was witness for the opposition. Incidentally, 
was nephew the John Serrell who was member the Board Engi- 
neers called the late John Roebling, ASCE, 1869. part 


his testimony purporting show the insufficiency the design the bridge, 
made the following comments: 


for years past there has been discussion the deterioration 
metals under strain and what that deterioration has not, far 
know, been accurately determined even for wrought iron which the most 
familiar that have now bridge construction; now, understand that 
the maximum strength any steel wires used these bridge cables 
160,000 per sq. in.; now, willing place anything have say 
the matter the assumption that every wire there now capable 
carrying that amount.” 

“But that metal, such metal that, new metal; metal, 
sure, have used don’t know how long; but steel wires such strength 
Asst. Chf. Engr., Bridge Div., John Roebling’s Sons Co., Trenton, 

Received the Secretary May 1946. 

Taken the Committee Commerce and Navigation the Assembly Relation 


the New York and Brooklyn Bridge Pursuant Resolution the Assembly, Passed February 1879,” 
Weed, Parsons and Co., Albany, Y., 1879. 
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that, far have been informed, have not been subjected the test 
time such way determine whether the factor safety for 
can properly found calculating the present strength 
that steel. 


Statements submitted evidence William Webb, president the 
Council Political Reform (whose particular interest was tax reduction) 
included the following section headings which were supposed descriptive 
the bridge: 


Impracticable Inconvenient Will not accommodate pass- 


summing the case William Arnoux, who appears have been the 
counsel for the opposition, makes the following statements: 


“It seems this committee ought report the Legislature that 
this work should stop until competent board engineers should ap- 
pointed who should examine into this work and determine whether 
safe for the public. All other questions sink into insignificance compared 
with the loss human life which would result, if, upon some occasion, the 
bridge should crowded and should give way under the strain. there- 
fore becomes very serious problem. And connection with this matter, 
did not feel competent myself discuss the engineering project view 
the testimony Mr. Serrell gave us, have invited him and the Council 
Political Reform have asked him come here and give you his views 
upon that question the 

not preposterous, view all the matters that are going day 
day, say that anybody shall construct bridge that shall provide not 
the uses today but for the additional uses period years 

ence 


connection with the traffic volume mentioned Mr. Seely under the 
heading, might interesting show the forecasts 
this traffic made both the opposition and the defendants during the in- 
vestigation 1879. Data quoted from the forecasts 1879, Table are 


TABLE AND NUMBER 


Trolley Elevated Vehicles Total 


Type of traffic cars cars passengers 


Forecast: 
the opposition 
1907 actual 474 2,270 


based one direction travel only. This probably more nearly compara- 
tive the traffic recorded for the maximum hour 1907 that was undoubt- 
edly rush hour during which most traffic would one direction. any 
case very apparent that even the most sanguine hopes those who favored 
the bridge 1879 fell far below the actual potentialities the bridge. 


866 
7 
4 
7 
74,000 


q 


AMERICAN SOCIETY CIVIL ENGINEERS 
Founded November 1852 


CAVITATION HYDRAULIC STRUCTURES 
SYMPOSIUM 


Discussion 
CARL KINDSVATER, AND VAN DRIEST 


Jun. Am. Soc. Hydraulic Research 
Committee and the authors the Symposium are congratulated 
initiating this discussion the cavitation problem affects civil engineers. 
The fact that most the existing literature cavitation found the jour- 
nals the mechanical engineers and physicists does not reflect the great ac- 
cumulation knowledge the subject among civil engineers. damage due 
cavitation frequently appears indication faulty design, some 
engineers have apparently been reluctant publicize their experiences. 
only sharing different experiences, however, that collective knowledge 
the subject can compiled. 

good share the material contained the several papers which compose 
the Symposium concerned with design and operating experiences spill- 
ways, stilling basins, and outlet conduits for high dams. the purpose 
this discussion present similar information from recent experiences the 
Little Rock Engineer District, Corps Engineers. 

Outlet Conduits, Norfork Dam.—Norfork Dam Arkansas, com- 
pleted the Corps Engineers 1944, concrete gravity dam with eleven 
rectangular, gate-controlled outlet conduits located through the spillway mono- 
liths. many respects, Norfork quite similar Norris Dam, described 
Mr. Hickox. the period since February, 1944, when the reservoir was filled, 
total 1,214,000 acre-ft flood storage has been passed through the con- 
duits and 283,000 acre-ft has been passed over the spillway, for recorded total 
1,497,000 acre-ft water. addition this recorded flow since filling the 
reservoir, considerable volume water passed through the conduits and 


Symposium was published September, 1945, Proceedings. Discussion this Sym- 
has appeared Proceedings, follows: December, 1945, Mockmore; February, 1946, 
Joseph Bradley; March, 1946, Robertson, and Fred Blaisdell; April, 1946, John 
McNown; and May, 1946, ‘James Ball, and Fred Locher. 
Assoc. Prof., Georgia School Tech., Atlanta, Ga.; Associate Hydr. Engr., Engr. 
Office, Little Rock, 
Received the Secretary April 1946. 
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stilling basin during the construction period. Thus, estimated that ap- 
proximately 2,000,000 acre-ft water has been passed through the stilling 
basin the life the project. Since filling the reservoir, the eleven conduits 
have been operated more less alternately, although seldom more than four 
any onetime. The longest aggregate period operation any one conduit 
was days, and the average period operation has been approximately 
days per conduit. All conduits have been operated exclusively full gate 
opening and largely heads between 175 and 190 ft. However, during the 
construction period the head the conduits was low and, due the conduit 
slope 1.5 10, conditions favored the development subatmospheric pres- 
sures the intake sections. Thorough examinations have disclosed cavi- 
tation damage the Norfork conduits. 

The cavitation which apparently was experienced the Norris Dam sluices 
might classified accordance with Professor Vennard’s suggestions (1) 
local cavitation and (2) general cavitation. Local cavitation ordinarily occurs 
regions excessive flow curvature such might caused sharp breaks 
boundary lines. Thus, local cavitation must have contributed the causes 
the pitting the conduit liner downstream from the Norris sluice gate slots. 


Gate Closed 


£ A S 
Dam 
(a) SIDE SLOT Gate Open 


Dam 


the design the Norfork gate slots avoid some the reported difficulties 
Norris Dam. The outstanding differences the two designs are the simple 
streamlining measures adopted Norfork. The 1:12 bevel provided down- 
stream from the gate slots and air-vent header was based the experiments 
Thomas, Am. Soc. E., described Mr. Harrold under the 
heading, Tests,” and shown Fig. 13(b). Much has since been 
learned about this detail design, will described subsequently. 
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Damage has been reported the upstream portions conduits number 
different dams. this case, too, the damage may attributed local 
cavitation. The inlet curves Norfork were based flow-net studies, in- 
vestigations free jet curves, and the results cavitation model studies for 
several similar structures. view some the earlier experiences and model 
investigations, notably those described the authors, this feature design 
longer critical. Although the inlet portions the Norfork conduits have 
not been examined, there have been indications difficulties such those 
experienced Norris and Madden dams. 

General cavitation usually occurs when the average pressure any cross 
section flow approaches the vapor pressure the liquid. the case 
enclosed turbine, general cavitation results when the wheel set 
too high relation the tailwater level. Similarly, conditions favoring gen- 
eral cavitation must have occurred the original, unconstricted Norris con- 
duits because their high setting with respect the hydraulic grade line. 
should emphasized that many instances local cavitation may may not 
develop, depending the average pressure the entire system the critical 
cross section; or, other words, depending the tendencies toward general 
cavitation that section. Norris, cavitation might not have occurred 
near the gate slots and below numerous boundary irregularities had the hy- 
draulic grade line been higher, had the upstream portions the conduit been 
set lower relation the grade line. The only “post-mortem” remedy for 
the cavitation experienced 
the Norris conduits was (as 
described Mr. Hickox) the 
addition outlet constrictions 
which had the effect raising 
the grade line relative the 
original setting. this con- 
nection, interesting com- 
pare typical hydraulic grade 
lines for Norris (Fig. 46) and 
Norfork (Fig. 65), for the case 
free discharge with the slide 
gates fully open. Norfork, 
with the pool El. 561, the 
measured flow per conduit 
2,200 per sec and the 
computed average velocity 
per sec. Field measure- 
ments Norfork indicate that 
the grade line approximately 
conduit the downstream 


gate slot. this ft, nearly half accounted for the fact that the con- 
duit slopes continuously downward from the inlet rather than extending hori- 
zontally point beyond the downstream end the gate castings. Further- 
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more, the conduits Norfork have smaller cross-sectional areas than those 
Norris and, for corresponding velocities, have greater friction gradient. 

The grade line shown Fig. for the unconstricted conduits Norris 
does not correspond that reported the most frequent condition operation 
—that is, gate openings between 94% and 96% full gate. For the latter 
condition, for all part-gate openings, the grade line downstream from the 
gate will drop below that for full gate opening. Even more important, how- 
ever, the fact that, demonstrated field tests Norfork, the water dis- 
charging under the gate entrains considerable amount air openings 
great 90% full gate, and for all smaller gate openings the average pressure 
the roof the conduit reduced inverse relation the quantity air 
supplied through roof vents (Fig. 64) or, under certain conditions, through the 
outlet portal. 

Although has been the usual procedure the Little Rock District limit 
continuous operation full gate openings, was considered important 
investigate the part-gate conditions operation Norfork order deter- 
mine whether the air-vent capacity provided the design was sufficient 
prevent the occurrence excessively low pressures during the opening and 


(b) PARTIAL PLAN 


closing operations. Accordingly, pressure tap was installed the air vent 
for the upstream (emergency) gate three different conduits, and openings 
the roof the conduit point just below the downstream (service) gate 
all eleven conduits were utilized for measuring air pressures. During these 
tests appeared from observations the outlet portals that the conduits were 
completely filled with water and spray when the gates were opened more than 
was also disclosed that subatmospheric pressures occurred the roof 
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(a) SECTION 
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piezometers, downstream from the gates, for all openings about 5.5 
(that is, 90% full gate opening) and that the greatest vacuum occurred when 
the gates were opened about appears, therefore, that extended periods 
operation 94% 96% gate opening Norris may have been primarily 
responsible for the damage parts the conduits downstream from the partly 
opened gates. acknowledged, course, that this method operation did 
account for higher grade line upstream from the gate did thereby relieve 
undesirable conditions which apparently existed near the inlet. The prototype 
tests Norfork also revealed that, apparently, Norris, vents some 
the conduits, were partly obstructed, and for these conduits particular 
would extremely hazardous operate for any length time part-gate 
openings. 

Based experiences Norfork compared Norris, might con- 
cluded that the answer cavitation difficulties outlet conduits lies de- 
signing for high grade line relation critical portions the conduit. 
Local boundary streamlining certainly value, but frequently difficult 
matter compromise with the mechanical designer. The primary considera- 
tion avoid general cavitation tendencies due high setting or, just 
described, due part-gate operation. The provision adequate air-vent 
capacity important, too; but, demonstrated both Norris and Norfork, 
the vents may become obstructed. might well the theme this discus- 
sion emphasize the normal departure completed structures plans 
produced the design office. Too much emphasis cannot placed the 
importance carefully prepared specifications and strict inspection order 
insure that the designer’s ideas are carried over the ultimate structure. 

Baffle Piers, Norfork Stilling Basin.—The stilling basin for the Norfork Dam 
spillway consists level concrete apron with two rows stepped baffle piers 
and stepped end sill, shown Fig. the war emergency need 
for power when the project was completed 1944, the customary stilling basin 
cleanup was delayed order that the cofferdamming and unwatering opera- 
tions would not interfere with the production power. November, 1945, 
the powerhouse was shut down for repairs the generating unit; advantage 
was taken this opportunity clean and inspect the stilling basin. noted 
previously, under the heading, Conduits, Norfork esti- 
mated that approximately 2,000,000 acre-ft water had passed through the 
stilling basin the period from the initial diversion operations until the time 
the inspection. When the basin was unwatered, large quantity debris 
was revealed the apron. The debris was composed well-worn boulders 
and smaller stones, steel rods, pipe all sizes, and miscellaneous collection 
battered metal scrap. Some indiscriminately scattered baffle piers, par- 
ticularly the upstream row, had suffered considerable damage. Fig. 67(a) 
shows typical damage, and Fig. 67(b) shows two views the most seriously 
damaged pier. 

contrast the experiences reported the Symposium has been con- 
cluded that the damage the Norfork baffle piers cannot charged cavita- 
tion. The photographs serve support this conclusion. was noted that 
the damaged piers were located without respect conduit location and that 
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the greatest damage occurred the front upstream faces the piers. 
believed that the piers were eroded the recirculated debris the basin, 
and that the irregular and inconsistent nature the damage was principally 
product chance and secondarily result variations concrete quality. 
Again demonstrated that the designer’s efforts are avail view 
practical considerations over which has control. This conclusion 
pertinent Mr. Harrold’s discussion streamlined baffle piers. ac- 
knowledged that baffle piers are advantageous some instances, and that they 
may logically serve added safety factor stilling-basin design. However, 
such vulnerable devices should used advisedly; and the safety the dam 
should not depend upon their permanence. may expected that damage 
such that experienced Norfork would alleviated the early removal 
debris collected during the construction period. The recirculation 
certain quantity stone will unavoidable, however, unless the river channel 
cleared all loose rocks for considerable distance below the stilling basin. 

Gate-Slot Model Bull Shoals project, proposed for construction 
the White River Arkansas, would include dam somewhat higher than 
that Norfork. Rectangular outlet conduits, similar those Norfork 
except that they are high, would located through the overflow monoliths. 
part the preliminary investigations for the design Bull Shoals Dam, 
conduit gate slots the Norfork type were investigated model study 
cavitation tendencies conducted the Waterways Experiment Station, 
Vicksburg, Miss. The model conduit was constructed scale 1:6, and 
two gate-slot designs were tested. The basic, nonstreamlined slot shown 
section Fig. 68(a). The Norfork-type slot shown Fig. Each 
model was equipped with large number small piezometers, and for each 
series tests were run for wide range velocities. The data consisted 
largely open manometer readings average pressures each piezometer. 
The pressure cell-oscillograph device described Mr. Harrold gave inconsistent 
results, and these data were discarded. 

The principal results the gate-slot model tests are summarized Fig. 68, 
which shows dimensionless pressure coefficients, Ca, for piezometers the 


boundary the gate-slot models. Values were computed from the 
relation, 


which was taken the measured difference head between the various 
gate-slot piezometers and arbitrary upstream control piezometer. The 
plotted points Fig. represent test velocities ranging from per sec 
Curves drawn through these points describe the normal pressure 
variations the vicinity the slots. 

example the use Fig. 68, let required determine the 
maximum pressure drop the vicinity both nonstreamlined and stream- 
lined gate slots, referred the normal friction grade line. the first case, 
the maximum departure pressure coefficient from the friction 
coefficient occurs near the downstream corner the gate slot and has value 
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(Fig. 68(a)) approximately 0.127. follows from Eq. 15, therefore, that 
the maximum pressure drop the boundary, referred the normal grade line, 


2 2 
would 0.127 where the computed average velocity head. For 


2 
the estimated maximum discharge, per sec 137 ft, and the 


resulting maximum pressure drop for the case the nonstreamlined slot 
17.4 ft. Similarly, for the case the streamlined slot, the maximum pressure 
drop only 8.2 ft. should apparent from these examples that the eleva- 
tion the normal grade line (that is, the magnitude the average pressure 
the conduit the critical cross sections) the primary index whether 
local pressure drop will result cavitation. Thus, even the first 
the foregoing examples, the 17-ft pressure drop would not expected result 
cavitation unless the grade line was extremely low. Combination low 
grade line with such marked local pressure drop must have been the case 
the Norris sluices. should noted, course, that the data included 
Fig. are based average pressures rather than oninstantaneous pressures such 
was hoped could obtained with the pressure-cell device. The diagrams, 
therefore, tell only part the story, for recognized that momentary pres- 
sure fluctuations far exceed the damped variations shown the manometer 
readings. order have some assurance that cavitation damage will not 
occur result the most extreme pressure fluctuations, the manometric 
pressure data from the model must compared similar data designs 
which have been checked the prototype. This believed valid and 
quite informative alternate procedure compared with the infrequent oppor- 
tunity contrast variety designs the prototype. similar procedure 
has long been used the most positive means establishing the cavitation 
characteristics Francis turbines. 

Fig. compared with Fig. 68(a), not only shows marked benefit from 
the 1:12 bevel the downstream edge the gate slot but also suggests 
need for further streamlining near the downstream end the bevel. Practical 
considerations make undesirable specify modified curve this point, 
but the case the gate castings Bull Shoals Dam the intersection the 
bevel with the parallel side walls will grinding. 

seems reasonable expect that the pitting spillway gate slots described 
Messrs. Harrold and Warnock would susceptible treatment such 
that developed for the Norfork conduit gate slots. shown Fig. 68, local 
pressure variations are functions the velocity head, and comparatively high 
velocities may attained regions near the bottom spillway gate slots. 
would appear that appropriate streamlining measures, rather than deflectors 
designed eliminate the slot vortex, are the logical solution for the difficulties 
described. Mr. Warnock’s discussion experiences with needle-valve design 
aptly demonstrates that adequate streamlining cannot always achieved 
estimate. 

interesting sidelight the tests the gate-slot models was acci- 
dental indication the flow pattern the vicinity the slot, shown Fig. 69. 
Quite unintentionally one occasion when the model was being assembled, 
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small particle heavy yellow grease was left the top the conduit up- 
stream from the transparent cover plate over the test section. Several minutes 
after the model was adjusted steady velocity approximately per 
sec (model), observers spotted the grease particle un- 
wavering, needle-sharp path. Only once did the path divide, and this case 
joined less sharply defined pattern being evolved similar manner 
within the slot Ob- 
viously, the path lines 
shown Fig. cannot 
typical for the region the 
center the conduit and 
removed from the 
ary and corner 
have this unusual indica- 
tion the flow pattern the vicinity the slot. Comparison Fig. 
with Fig. shows that, would expected, the extremely high pressure 
measured the downstream corner the gate slot directly opposite point 
sharp convex curvature the indicated streamline. 

Stilling Basin preliminary design studies for the Bull Shoals 
project was assumed that stilling basin similar that Norfork could 
used. When model the proposed basin was investigated the 
Waterways Experiment Station, was found operate very satisfactory 
manner for all spillway flows. However, the same setting, with the apron 
founded the estimated firm rock line, did not provide sufficient tailwater depth 
produce satisfactory stilling when relatively few conduits were opened 
alone; that is, with release from the powerhouse spillway. the tests 


Unsatisfactory for Conduit Operation 
Tailwater Stages Below 460 
(Seven Conduits Discharging) 


for All Conditions Operation 


Require That Toe Dam Lowered 


proceeded, appeared that the baffle-pier type basin would have 
lowered about below the firm rock line order insure satisfactory per- 
formance for all conditions conduit alternate type basin, 
stepped apron similar that developed the Tennessee Valley Authority 
for Cherokee Dam, was then investigated. This basin involved average 
maximum lowering 7.5 below the firm rock line near the toe the dam. 
The new design eliminated the baffle piers entirely, thereby resulting con- 
siderable saving steel and concrete. finally the stepped apron 
proved satisfactory for all conditions operation. believed 
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thoroughly practical design, well suited the tailwater conditions that prevail 
Bull Shoals. comparison the two types shown Fig. 70. 

Since the steps the Bull Shoals apron design, like the baffle piers Blue- 
stone Dam described Mr. Harrold, are near the toe the dam where they 
receive minimum benefit from tailwater cover, cavitation pressures may 
expected develop below the top corner each step unless they are stream- 
lined. Although pitting tendencies near the sharp edges the steps might 
expected self-healing, was found that elliptical step such that 
shown Fig. would eliminate zones negative pressure which had been 
observed below sharp-edged steps. Mr. Harrold points out that, the case 
the Bluestone tests, the streamlined baffle piers were less efficient stilling 
devices than square-edged baffles. Similarly, the streamlined steps for Bull 
Shoals were found sacrifice some quality performance comparison with 
preliminary tests square-edged steps. 

The writer indebted Schneider, Assoc. Am. E., and 
Mulholland the Engineer Office, Little Rock, Ark., and Fred 
Brown, Am. Soc. E., and associates the Waterways Experi- 
ment Station, Lower Mississippi Valley Division, Vicksburg, for their contri- 
butions the information from which this discussion was drawn. 


Van Assoc. Am. Soc. theoretical and 
practical aspects this Symposium have stimulated, the writer, sharp 
interest the phenomenon cavitation. 

his desire see the actual cavitation action, the writer made some 
simple tests the flow water through glass venturi tube, with the fol- 
lowing results. 

glass tube was heated and drawn into venturi tube; after the tests 
was found that the diameter the exit and throat were 0.3967 in. and 0.1114 
in., respectively. This tube was then connected rubber hose the cold- 
water faucet sink, and the flow was increased until cavitation appeared 
strongly. After attempt destroy the glass five days such action, 
the writer found destruction but, instead, discoloration the diffuser 
the tube, which discoloration was readily washed out acid. The first 
result, therefore, was that chemicals solution the water entering the cavi- 
tated region can come out solution and deposited concentrated form 
the solid boundaries adjacent the region. The effect could due 
supersaturation the chemicals upon vaporization the liquid. 
may have some consequence the damage surfaces; other words, corro- 
sive effect may encouraged under such conditions addition the well- 
known erosive effect. 

The next result observed far the more interesting because shows that 
tension can sustained flowing fluid. Pure tension has been observed 
under static conditions various experimenters. Dixon ob- 
tained tension nearly 160 atmospheres; and the writer, after making his 
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own observations, found that Skinner and Entwistle (74) had concluded 
1915 that tension can occur the throat constricted tube although the 
discharges and dimensions the tube were not given their paper. Con- 
tinuing with the writer’s experiments, the succession events leading cavita- 
tion must described: Water was forced through the tube very gradually until 
suddenly the flow would burst into terrific cavitation. Then the discharge could 
diminished appreciably before the cavitation disappeared. Such cavitation 
always occurred about in. downstream from the minimum constriction. 
These circumstances naturally led the writer suspect the existence tension 
the liquid the throat. However, was possible obtain cavitation the 
throat when the inlet valve was adjusted certain way, that apparently 
extremely small bubbles air were created (which could not seen, since the 
water looked perfectly clear) that formed nuclei for cavitation when the pressure 
was brought low enough. 

The appearance the cavities downstream from the throat can ascribed 
the sudden rupture the fluid due the presence free vortices (75). 
The zone separation the fluid from the wall opportune place for the 
occurrence such vortices there they are not too restricted the wall. 
The free vortex indeed the one simple type motion that easily generated 
and has centrifugal forces sufficient rupture the fluid. Vorticity the 
throat the tube cannot readily fly into free vortices due the stabilizing 
effect the wall. 

Since tension the fluid cannot measured with manometer, was 
necessary compute the average tensile stress. use the energy equation 
for computation, the head-loss coefficient had known. Therefore, 
measurement pressure was made the throat the threshold cavitation 
—when cavitation could made appear the throat. this threshold, 
the absolute pressure was found with discharge 13.8 
permin. pressure was expected since pressure low vapor pressure 
(11 Hg) would not necessarily have reached allow the small bubble 
nuclei expand and form cavities. the formula— 


—the constant was found 0.335. 

Application this value the maximum flow 16.5 per min just 
before the fluid ruptured gave 770 per tension; and application 
flow 14.5 per min when cavitation downstream just dis- 
appeared yielded value 118 per tension. 

The foregoing demonstration proves that fluid does not necessarily cavi- 
tate when the pressure reduced vapor pressure even below—not 
mention tension. Furthermore, one should cautious the notion that 
water always boils Water can superheated well over 100° with- 
out boiling; fact, the temperature ordinary boiling water always greater 
than the true boiling temperature (75)(76). Also, water can saturated with 
gas pressure 100 atmospheres and then reduced atmosphere 
without producing bubbles (75). Carbonated water will not effervesce unless 
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agitated. this leads the conclusion that either the fluid absolutely pure 
gas occluded the liquid such infinitely small bubbles that the surface 
tension forces are great hold the fluid together. When cavitation 
occurs, either the pressure difference across the bubble 
wall must become sufficiently great expand the 
bubble, free vortex with its tremendous centri- 
fugal action must appear produce bubble expansion 
rupture the fluid. 
seems worthwhile this point investigate the 
mechanics the bubble more detail. 
the bubble and the forces holding equilibrium. 
The pressures and are the partial pressures the 
vapor and air, respectively, within the bubble; the 
pressure the fluid outside the bubble; the surface 
tension the liquid, and the radius the bubble. For equilibrium, 


ing the fluid coincidental with boiling (certainly near the walls the 
vessel), follows that the additional energy must necessary overcome 
the surface tension the fluid. High superheat required the boundaries 
where the bubbles grow, whereas low superheat can maintain the size the 
bubbles once they begin rise and become larger, when and are not 
effective. 

Because surface tension, diameter bubble, and viscosity have effect 
the growth bubbles rupture the fluid, they should included 


thorough dimensional analysis any cavitation problem. For example, the 
case Fig. 17: 


which ---, are linear dimensions. Eq. not included because 
can determined from Eq. 17. Dimensional analysis then yields: 


py’ 


now assumed that vortex action the cause the formation bubbles 

that the bubbles when formed are appreciable size, then the products 

and will disappear from Furthermore, the viscosity param- 
2 

eter will probably cover large range during the production strong 

vortices that too may sensibly not affect the function. This leaves only 

the difference between the vapor pressure and the pressure outside the bubble 
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effective further enlargement the bubble into cavity. Hence, 


procedure essentially the same that for the pressure cell method which 
the experimenter predicts what could happen the bubbles allowed low 
enough pressure exist. 

conclusion, the writer hopes that these remarks will help clarify the 
physics the cavitation phenomenon. Certainly with the development 
higher dams and high-velocity structures demanding precise design, the hy- 
draulic engineer will stimulated further research this interesting field. 
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DESIGN DEVELOPMENTS—STRUCTURES 
THE TENNESSEE VALLEY AUTHORITY 
SYMPOSIUM 


Discussion 
ABRAHAM STREIFF 


ABRAHAM Am. Soc. excellent and well-arranged 
description seven low-head hydroelectric plants built the Tennessee Valley 
Authority (TVA) contained the second Symposium paper. Plants with 
single, direct-connected vertical units have been use since about the beginning 
the century, and their design was thoroughly established when the TVA was 
organized. Although the plants described contain many excellent features, the 
writer finds many points difference with previously established practice. 
Such rules are set Messrs. Palo and Marks should apply only the 
plants discussed, there are some radical departures which are not all uni- 
versally accepted engineers engaged the design hydroelectric stations. 
Some these concern: (1) The fluctuation the headwater elevation; (2) the 
low elevation the intake sill; (3) disadvantages inherent the combinations 
items (1) and (2); (4) the depths draft tubes; and (5) straight vertical 
joints between units. 

(1) Headwater Elevation—The most conspicuous point difference with 
common practice low-head design the very large fluctuation headwater 
elevation. Chickamauga Dam, for instance, the headwater level varies 
The operating head considerably less than the maximum head. This 
increases the cost greatly without corresponding return from power developed. 
All structures, well machinery, stability, runaway speed, and head gates, 
must designed for head much greater than the operating head. Therefore, 
although the machinery may have high efficiency, efficiency the plant 
power damislow. greatly increased whereas the output based 
alower head. This concession “flood which the writer does not 


Symposium was published October, 1945, Proceedings. Discussion this Sym- 
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intend discuss. The design, however, based primarily such large 
headwater fluctuation, so-called and the question may well 
asked what advantage gained the greatly increased cost. The areas 
subject flooding are greater than before the dam was and, over 
length 633 river miles, flood “protection” has been obtained purchasing 
several hundred square miles land subject flooding and removing the 
occupants! This result could have been achieved without building single 
dam, which precisely the method vogue for the lower Mississippi River, 
the rivers the Netherlands, the Tisza River Hungary, and the River 
Italy, where maximum flow lines mark the boundaries the public domain re- 
served exclusively for use floodways. 

The low-head dam with varying water level, therefore, ‘‘neither fish nor 
fowl nor good red herring.” power dam its plant efficiency low, and the 
same kind flood protection for the 633 miles the Tennessee Valley could 
have been achieved without building single low-head dam. 

(2) Elevation the Intake Sill—A second departure from usual practice 
low-head design the very low intake sill elevation. The intake sills are the 
lowest spot the cross section the river. well known that holes dug 
into the bed river tend refill. the case deep pool with low veloc- 
ities, mud and will accumulate. The have tend- 
ency collect and pile the lowest places toward which the current 
directed. The large discharge through the big Kaplan units will cause all 
waterlogged trash gravitate and converge toward the lowest spot the in- 
take. With the large rack spacing provided, the penstocks will tend become 
fouled and gate grooves may become obstructed. Gates must designed 
stand unnecessarily large pressures, and lifts must become greater. Therefore, 
raised sills were included such early structures the Keokuk (Iowa) power- 
house (1913). The argument advanced that short and straight intake 
hydraulically preferable. However, the loss the intake minimal; and re- 
duction the already minimal intake loss obtained the price several 
and costly disadvantages. The hydraulic passages comprise intake well 
Sharp bends are allowed the draft tube, where the velocities 
are really high and losses really large. seems inconsistent introduce 
further warp twist the draft tube, merely obtain straight up-and-down 
construction joints between units, while the same time trying reduce 
minimal intake loss straightening the intake. 

(3) low intake sill combined with the fluctuating 
headwater has number disadvantages. The head gates must resist 
greater head and must have higher lift. The shape the intake precludes 
the use Tainter gates, which are low cost and can closed quickly. 
Presumably reduce the cost, traveling crane with lifting beams, dogging 
devices, etc., has been adopted. This arrangement cumbersome and slow. 
Heretofore much importance has been attached rapid closure 
this connection interest refer the Ryburg plant the Rhine 
River Switzerland. This station, built prior the seven TVA dams (1932), 
contains Kaplan wheels which are larger diameter than the largest the TVA 


Chickamauga Technical Report No. TVA, 1942, 30, Fig. 
Quick-Closing Gates,” Voith Co., Heidenheim, Germany, 1935. 
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Kaplan runners. also contains the same kind head-gate system was 
installed the TVA plants; but, describing the station,” stated that the 
plant does not have single head gate! effect, the head gates the TVA 
type are emergency gates and nothing more. They are too slow and cumber- 
some serve head gates. 

make for the absence head gates, the Ryburg plant has special 
governor system, consisting separate governor with its own pump and 
tanks for the Kaplan runner well for the guide case. the governor that 
operates the wicket gates should fail, the runner blades would still operated 
the independent governor. addition, third emergency governor, 
actuated overspeed relay, and having emergency pump its own, 
would close the runner blades position, that the runner would then 
act brake. The great friction the trunnion bearings the movable 
blades runaway speed (the centrifugal force acting each blade about 750 
tons runaway speed) requires that the emergency governor have capacity 
not less than 760,000 ft-lb assure operation the runner blades such 
emergency. For the TVA plants apparently special precautions have been 
considered necessary, they have standard governor layout. 

The disadvantage such low intakes becomes apparent when the cost 
the head-gate system compared with Tainter-gate installation equal 
opening. For the Chickamauga Dam, the cost two sets three head gates, 
two Tainter gates each penstock (including the hoists) purchased the same 
year for the spillway the Buchanan Dam Texas (1937) would have cost 
$68,022. This cost would cover the provision permanent gates with fixed 
hoist for each the three turbine units—not just for two sets gates serve 
three units and this without the hoist. Tainter gates can closed quickly, 
are very reliable, and are used many dams and many hydroelectric sta- 
tions. The sizes the Tainter head gates, feet, various installations are 
shown the following list: 


Name dam Height 


Schweizerische Bauzeitung, June 1932, 295. 
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None the foregoing head-gate installations have required the use 
emergency gates, although the oldest was made 1912 and the latest 1932. 

(4) Depth Draft plants the size described Messrs. Palo 
and Marks, the draft tubes are from deep. The spillway dis- 
charge causes great vortex the tailrace, which carries gravel into the draft 
tube. long separating wall indicated such cases, which can extended 
so-called “dwarf Since the separating walls for the plants de- 
scribed seem too short, this will introduce difficulties seating the draft-tube 
gates. 

(5) Vertical stress has been laid, Messrs. Palo and Marks, 
straight vertical joints between units. This requirement definitely nec- 
essary only for plants rock foundation. For plants built soil founda- 
the Muskegon River three concrete scroll cases form one unit 114 long, 
operating under head Cracks such those described the authors 
for the TVA scroll cases have not appeared, although the plant thirty years 
old. Such unit construction results economy the piers not require 
doubling. 

When dam built unyielding rock foundation, there should 
joint between units. Why should the joints straight and down? Sucha 
requirement only introduces another warp and twist the draft tube; 
complicates the form work the draft-tube division walls and offers 
visible advantage. Many plants have been built with offsets, with indica- 
tion that straight joints are desirable. The logical approach good design 
lay out scroll case and draft tube they should and then place the 
joints wherever they come. the Ryburg plant, the joint follows the outline 
the scroll and draft The friction coefficient concrete concrete 
very low for slow temperature and with proper reinforcement 
difficulty experienced superstructures offsetting substructure joints. 
The location the joint should decided according hydraulic requirement. 
Since this has always been the case, the writer sees reason change the 
usual practice. 


Schweizerische Bauzeitung, May 1932, 241, Fig. 14. 
Joints Under Bolliger and Humm, ibid., January 1937, 15. 
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AMERICAN SOCIETY CIVIL ENGINEERS 
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DISCUSSIONS 


THE SAFETY STRUCTURES 


Discussion 


Am. Soc. very erudite and comprehensive 
treatise the safety structures and the factor safety particular has 
been presented the author. His definition this factor based the 
theory chance and implies statistical meaning the safety factor. 

Eq. the factor safety defined the ratio the minimum resistance 
the maximum strain. The terms maximum strain and minimum resistance 
represent average value plus minus the maximum range fluctuations. 
though the validity this statement can scarcely disputed, another aspect 
seems affect the definition the factor safety. 

Suppose that the resistance known such degree that the probability 
its correct value unity; suppose also that the same assumption true the 
applied load. Then, taking the simplest case cable composed 100 
straight wires and subject tensile force, definition, the factor safety 

Sr0 

Since each wire taut the same degree, the factor safety single 
wire will also the factor safety for the entire cable. the other hand, 
consider the same cable under bending. Then the stress each individual wire 
will vary according linear, some other, law. 

both the resistance and the strain are known accurately the pre- 
case, the now variable factor safety individual wire will that 
previously expressed. However, the factor safety the entire cable will 
have some other value. Since the summation all the individual factors 
safety does not have any practical application, the next usable value will 
the average the individual factors safety taken for the entire cross section 
the cable. This condition will exist majority cases structural 

mechanical engineering and will especially true for structures. large 
dimensions with wide variations stresses. Good examples the latter case 


Alfred Freudenthal was published October, 1945, Proceedings. Discus- 
this paper has appeared Proceedings, follows: January, 1946, Frankland, and Elliott 


Roberts; February, 1946, Pugsley, and Lynn Perry; and April, 1946, Nomer Gray. 
Civ. and Structural Engr., Cerrito, Calif. 
Received the Secretary April 15, 1946. 
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are gravity dams which the stresses any one the sections vary not only 
magnitude but also sign. 

Therefore, the definition the factor safety should also include the 
degree variation, from the average, strains within the structure. There 
are also other qualifying factors pertaining the factor safety: (1) The 
necessity analogy between the the strain and that the resistance— 
pure shear, pure tension, combined stress, availability lateral support, etc.; 
and (2) the statement the limit against which the factor safety judged. 

Thus, for certain structure, elastic limit may criterion since plastic 
deformations may not permissible; or, another case, the ultimate strength 
may criterion, plastic deformations are permissible. still other cases, 
the deflection limit may may not criterion, depending the functional 
purpose the structures. addition, stability (such sliding overturn- 
ing) may become criterion. 

all these and numerous other cases, not noted herein, there will bain- 
dividual and average over-all factors safety. the opinion the writer 
that average over-all factor safety should used for cases variable 
stresses which the values both resistance and strains are known such 
degree that they may taken correct values, with deviations being con- 
sidered below the general precision calculations. concluding, the writer 
wishes congratualte the author presenting such scientific treatment 
this widey interpreted subject. 


laudable attempt effect economies design reducing the 
thus effecting saving the use materials construction designing for 
the minimum required for safety. The author’s thesis the reduction un- 
certainties, both the strength materials and external forces, the applica- 
tion the theory probabilities each the factors entering into the design 
structure, both external and internal. The profession certainly indebted 
him for the thorough treatment the subject and the painstaking analysis 
the factors involved. 

All engineers are agreed that the method now being used obtain safety 
with applied the ultimate strength elastic limit material 
wasteful some extent; but they have not yet found satisfactory substitute, 
and the writer fears that the present paper will not provide the answer” 
even with complete quality control all materials construction. 
feared that “crystal ball” would required look into the future for assur- 
ance that designers were making proper provision for future conditions, such 
loadings and action materials under long time loading and reversal stress, 
despite the fact that marked progréss has been made the latter field. 

Consider, for example, the case railroad structures: the turn the 
century bridges carrying railroad traffic were being designed for class E40, 
class E45, Cooper engine loads, and few cases for class E50 loads; yet 
1935 the standard American Railway Engineering Association design loading 


Received the Secretary May 1946. 
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the United States. addition, the increase locomotive tender loadings 
has been even more marked, that axle loads for tenders com- 
pared with the 26,000-lb axle load the class E40 loading are not all un- 
usual. Cars 40-ton capacity years ago, are supplanted 
100 tons (and more) capacity. 

Inasmuch the life steel structure set (by the Interstate Commerce 
Commission) years, and concrete structures have been accorded life 
100 years, apparent that well within the life the structure there has been 
increase 80% from E40 E72 loads the driving axles and 142% 
(from 26,000 63,000 engine tender loads over those the original 
design. Therefore, seems advisable proceed slowly making radical 
changes the method design based safety factors since, had the structures 
1900 been designed the proposed method, they would have been recom- 
mended for retirement before this. 

Although not recommended that engineers design for such contin- 
gency, there still feeling satisfaction that the impact the bomber that 
struck the tower the Empire State Building New York, Y., did not 
result its demolition. Moreover, one never knows when more 
severe earthquake will strike locality never before struck, has been de- 
clared possible experts. 

Various other methods applying different factors safety dead loads 
and live loads have been proposed the basis the fact that there very 
little likelihood major variation the dead load structure (both 
Boase and Shortridge Members, Am. Soc. E., made such pro- 
posals connection with wartime conservation materials), but matter 
fact railroad bridges were designed under this theory and the practice was 
discarded. (Open-floor bridges have been provided with solid ballasted decks 
within their serviceable life.) Another factor this connection the variation 
the ratio live load dead load within the same structure. Consider the 
case slab beam-girder construction: The live load far greater proportion 
the total load the slab than the load the beam; the girder has still 
smaller proportionate live load than the beam; and the column pier. 
similar condition obtains the case arch bridge with open spandrel 
construction where the live load the arch ring much smaller proportion 
the total load than the load the spandrel arches (or floor slab) the 
load the piers columns that transmit the loads the arch ring. 

The theory probabilities will give satisfactory results when determining 
maximum design factors for condition known loads combination 
loads. However, the case railroad structures particularly, the factors 
safety must also include allowances for anticipated increase loads; and the 
foregoing example not encouraging. 

Another complication arises considering resistance internal stresses. 
Recent research the subject has revealed that “fatigue” influences riveted 


“Saving Reinforcing Steel Rationalizing Safety Boase, Engineering News- 
Record, May 1942, 81. 


“Steel Bridge Design Conserve Shortridge Hardesty, Civil Engineering, August, 1942, 
p. 
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welded connection different extent than does the main member, 


that varies with different types connections. Nevertheless, designers are 
not yet position assign quantitative results these tests. 

Attempts have been made take account plastic flow concrete for 
application loads, but these attempts have been sporadic and 
without general acceptance. addition, reinforced concrete looked upon 
two distinct materials construction: One with the ultimate strength and 
elastic limit the same point the stress-strain relationship, the other with 
distinct elastic limit somewhere between one half two thirds the ultimate 
strength. Moreover, the modulus elasticity concrete varies with age. 
Nevertheless, observations tests reinforced concrete members the action 
somewhere between that each component material. Deflections rein- 
forced concrete beams rarely reach the values obtained theoretically from the 
conditions loading assumed. Refinement the analysis redundant (or 
rigid frame) structures will not necessarily result more accurate solution 
when the assumptions contain inaccuracies degrees far from minute. All 
theories, after all, are based assumptions, whether applying flexure, 
elasticity, applications reinforced concrete, suspension bridges. 

The answer all this research, and more research, provide firm basis 
for the theoretical formula that will eventually solve the problem safety, 
combined with economy. 

Corrections for Transactions: October, 1945, Proceedings, page 1162, 
line 14, change “fluctuation for” “fluctuation by” and line delete the 
comma after page 1171, the last line the page, delete the 
comma after and change page 1172, line 
change page 1177, line 24, delete the comma 
line 23, change than” “larger page 1185, change line 
read “without the final endurance limit being affected, the maximum permis- 
page 1188, change line read applying Eqs. and 18:”; 
Table heading Col. change page 1189, line 22, change 
“cc 

“for which the” and change line read “‘of the tensile strength silicon 
steel was established (Fig. 3), the 
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Founded November 1852 


DISCUSSIONS 


UPLIFT PRESSURE AND BENEATH DAMS 
SYMPOSIUM 


Discussion 


paper Mr. Leliavsky extremely interesting and important because indi- 
cates that the effective area which uplift acts may larger than usually 
assumed. Any solution problem that gives results different from the con- 
ventional should critically examined. 

From simple mechanics, neglecting friction the apparatus, the sum 
the vertical forces equal zero, 


this case, any section the test cylinder, forces acting resist uplift 
are weight, that part the cylinder above the section; externally applied 
force, top the cylinder; and the tensile strength, the test cylinder. 
The forces tending rupture the cylinder are the average liquid pressure, pa, 
acting the area, (in which the total area the test cylinder and 
the effective area which the pressure applied). 

For the condition just prior the instant rupture, Eq. becomes: 


Neglecting the weight the cylinder, Eq. 33a reduces to: 


Stress, terms load unit area and unit tensile strength, the 
material may obtained dividing Eq. 33b the cross-sectional area, as: 


For demonstration, series will examined since, Mr. Leliavsky states (in 
introducing Fig. 23), the workmen had acquired greater ability 


Symposium was published December, 1945, Proceedings. 
Superv. Engr., State Dept. Public Works, Sacramento, Calif. 
Received the Secretary April 13, 1946. 


889 


and 
and 
ith 
mate 
age. 
rein- 
the 
(or 
ution 
All 
xure, 
basis 
1162, 
1168, 
the 
the 
1179, 
hange 


890 HOLMES UPLIFT PRESSURE Discussions 


preparing the test pieces.” The results series (Fig. 23) were given, 


kilograms, as: 


(34) 

Since the area was about 150 cm, the value for unit area equals 


inch, therefore, 


This equation similar Eq. Eq. redrawn Fig. 37. For the 
case which the oil pressure the force, necessary rupture cyl- 
inder equal the tensile strength, 
100.4 This tensile strength 
the concrete, for some unknown rea- 
son, lower than that expected for good 
concrete. 

Experience has demonstrated that 
construction materials not have per- 
fect physical properties assumed 
simple mechanics. Forces acting 
one direction have deformations right 
angles the direction force. The 
analyst becomes involved in. nomenclat- 
ure when refers strains without 
accompanying stress, but the foregoing 
deformations and stresses are real 
the extent that failure occurs plane 
when loadings right angles the 
plane become excessive. The various 
theories the cause failure will 

Oil Pressure, Kips per In. has been demonstrated repeatedly. 

Fro. =1,000 Frank Richart and Anton Brandt- 

zaeg, Members, ASCE, and Rex 

Brown“ have demonstrated that external force the circumference 

cylinders, even with all pores sealed, ruptures them manner similar the 

ruptures produced Mr. Leliavsky’s experiments. For concrete mix 

4-in. 8-in. cylinders, they found for oil pressures 3,830, 

5,460, and 6,790 per in., the unit axial loads were 660, 1,215, 
and 1,700 per in. 

The equation for these three points, per in., is: 


From Eq. (see Fig. 37), the ratio commonly called Poisson’s ratio 
the coordinate stresses, can determined. The external oil pressure may 


Study the Failure Concrete Under Combined Compressive Frank 
Anton Brandtzaeg, and Rex Brown, Bulletin No. 185, Univ. Urbana, November, 1928 


72. 


lus 
rat 
sta 
rar 
tes 
the 
poi 


giv 
eye 


ave 


Fi 
0 
cee 


(36) 


tio 


tichart, 


June, 1946 HOLMES UPLIFT PRESSURE 891 


resolved into two pairs equal compressive forces, acting upon two planes 
right angles through the axis the cylinder. Since each pair forces pro- 
duces tensile force, acting along the axis the cylinder which amounts 
the total force tending rupture the cylinder 


Therefore, from Eq. assumed equal (which never exactly 

the concrete for the 1928 and 1942 tests had the same tensile strength, 
the curves Eqs. and would have intersected the z-axis common 
point. line drawn through the intersection Eq. and the z-axis 
and parallel Eq. (Fig. 37), the result for such line the equivalent 


making the tensile strength the two materials the same. The equation (see 
Fig. 37) is: 


Curves representing Eqs. and (Fig. 37) differ only that uplift was 

encouraged one and pore pressure uplift was permitted the other. 

The area which uplift acts must the difference between 0.858 and 
0.351 0.507 for this case. 

more nearly correct value the uplift factor can found subtracting 

Mr. Leliavsky’s proposed value or: 


Other defects the physical properties construction material are il- 
lustrated the fact that (1) the modulus elasticity, and (2) Poisson’s 
ratio, are not constants over large range loading. and were con- 
stant, tests made the point rupture would sufficiently accurate for use 
the working range construction material. The value for the working 
range concrete usually considered lower than indicated for this particular 
test. Under for Further Research,” Mr. Leliavsky recognized 
the value making additional studies based deformation instead 
point rupture.” 

Mr. Leliavsky should commended for using the statistical application 
the “least-squares” method avoid the personal equation “averaging” 
given data. engineers would use this method, instead “averaging 
line through series plotted points, they would able obtain 
more consistent results from experimental work. 

Since Mr. Leliavsky’s reference the principle not readily 
available, brief derivation follows: the data available have the form 
tion may written as: 


which the slope the line; constant; and the error regression 
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—2by; and 


Let approach zero and take derivatives with respect and 


and 


Solving Eqs. for and 


The slope the curve representing Eq. 36, through the plotted points 
and Fig. 37, was determined the computations listed Table 14. 
ing other values from Table 14, 


The resulting equation for straight line (the form then (see 
Eq. 36): 0.351 689. 

The writer concurs with Mr. Leliavsky that this paper should serve 
starting point for further studies, and wishes emphasize that ex- 
cellent start toward the solution important problem. 


TABLE FOR THE EQUATION LINE 
REPRESENT OBSERVED Data 36, Fic. 37) 


xz? zy 
5,460 1,215 29,811,600 6,633,900 


90,584,600 20,704,700 


and 
and 
and 


42a) 


(42b) 


(43a) 


(43b) 


(44a) 
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uplift dams has been added engineering literature Mr. Leliavsky. 
Much thought and care are shown the design the testing machine and 
the testing procedure. Before definite method can established for utilizing 
these data the design gravity dams, however, certain additional informa- 
tion desirable. 

the laboratory procedure the average pore pressure within the specimen 
increased the control the fluid pressure, the hollow core the 
specimen, and the convergence the paths flow the fluid through the 
cylindrical test piece. Within dam, however, the paths flow are parallel, 
and there counterpressure corresponding Consequently, the in- 
tensity pore pressure producing uplift within the body the dam may 
decrease, with increase distance from the upstream face, much more rapidly 
than indicated the data produced the experiments. Valuable informa- 
tion concerning this law pressure variation could obtained the installa- 
tion suitable tubes and gages the galleries existing dams. 

The results the tests give tensile stresses much lower than are usually 
obtained with briquette machine. Col. 10, Table the average ninety- 
the average values the tensile strength mortar specimens average 
mixes when broken the usual manner determining tensile strength. 
Furthermore, allowance made the computations for the coordinate 
tensile stress that produced the compressive force the exterior and 
interior faces the cylinder. application Mr. Leliavsky’s suggested 
uplift value described briefly, follows: Assume gravity dam with vertical 
upstream face and uniform batter the downstream face. Let the 
height dam; the unit weight water; the specific gravity con- 


horizontal 
vertical 


crete; the downstream batter equal 
stress. 
easily proved that 


and equal unit 


When 2.4 (an average value) and 0.85, the upstream face 

Taking Mr. Leliavsky’s recommended value 0.85 the average area 
subject uplift proper state that the unit liquid uplift value 0.85 
ft, leaving favorable reserve 10.5 per ft. 

Furthermore, the differential between this type uplift and the vertical 
downward pressure increases with distance from the upstream face. pre- 
viously indicated, logical assume that the uplift decreases with this 
distance, whereas the vertical downward pressure increases 86.5 the 
downstream toe. 


Hydr. Engr., Sacramento, Calif. 
Received the Secretary, April 29, 1946. 
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From the evidence present available appears that gravity dam with 
conservative design thickness equal 0.85 Hz, which the practice the 
present time, safe. Likewise, the belief the writer that further in- 
formation about the law variation the pore pressure, due upstream 
water pressure, within the body the dam obtained before abandoning 
present conservative methods estimating uplift. 


reported Mr. Leliavsky, the percentage area concrete that effective 


hydraulic uplift will remain for many years basic data which engineers 


will refer discussing this factor dam design. Although future interpreta- 
tions his data may change the coefficients has given few per cent the 
scatter his individual determinations from his final value but 
measured the variation. This indicates reproducibility 
results which compares favorably with other types concrete testing. 

The most startling feature the tests the extremely low tensile strength 
the concrete (Table Col. 10). The derived mean tensile strength con- 
crete with water-cement ratio 0.52, determined breaking the cyl- 
inders hydraulically, was but per in., and but per in. when 
tested mechanically. (The writer takes the liberty converting Mr. Leliav- 
sky’s metric units the more familiar English system.) 

American tensile tests 


concrete (Fig. 38) with 


American 6-in. 18-in. cylinders, 
moist cured 180 days, gave 
unit strengths about seven 
times the values reported 


Mr. Leliavsky. Al- 

Water: Cement Ratio cements have shown ten- 
sile strengths but 50% 
the usual American 
possible that the low strengths indicated Mr. Leliavsky’s 
data may related either the form his test specimen some other 
factor not taken into account his analysis. 

The essential procedures the uplift test, eliminating details, consisted 
placing external compressive load 6-in. concrete cylinder equipped with 
metal water jacket its midsection, arranged with slip joint. next 
applying comparatively high water pressure through the water jacket until 
the concrete was saturated and then slowly reducing the external compres- 
sion load, the concrete was brought failure tension the bursting pres- 


sure the water within the concrete pores. Several cylinders the same mix, 


tested different hydrostatic loads and breaking different values the 


Civ. Engr., Bureau Reclamation, Denver, Colo. 
Received the Secretary May 1946. 


Proceedings, A.S.T.M., Vol. 44, 1944, 797. 
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external loads, provided the data needed relate the two variables. Plots 
the external load, function the water pressure, multiplied the 
gross area the section, yielded data which straight-line graphs were fitted 
the least-squares method, their equations being the form: 


noted that this procedure defines purely empirical relationship 
whose validity for use under other conditions depends upon the goodness fit 
and upon analysis. relates the compressive loads the water pressures 
the time failure such manner that errors estimates the magnitudes 
the compressive loads acting the time failure, made from known ap- 
plied water pressures, are less the average than would obtained were any 
other straight line fitted the data. The numerical values the constants 
the equations depend purely the least-squares solution and not their 
interpretation terms physical phenomena. For example, if, instead 
give the best estimates the magnitudes the water pressures needed 
break cylinder under varying external loadings, then fit 
the data locates different lines from those given Mr. and their 
equations solved for have different X-coefficients (different uplift coefficients). 
Alternatively, if, instead minimizing either the Y-deviations the X-devia- 
tions, the deviations normal the trend line are minimized, thus giving 
line best third value the X-coefficient results. all these coeffi- 
cients (following the form used Mr. Leliavsky) were called coeffi- 
cients, their different values might seen from the A)-coefficients the 
following equations: For estimating external loads— 


For estimating bursting water pressures— 


and, for the line best fit— 


which kilograms. Unavoidable errors scaling data from the graph 
prevent Eq. 47a from agreeing precisely with the author’s equation for straight 
line given Fig. 24. 

fourth equation, obtained from Eq. 47c transforming into English 


units and substituting the mean value the indicated tensile strength has 
been added for later 


Eq. 47d thus function the unit bursting pressure pounds per square 
inch, substituting mean value The line best fit, Eq. 47c, indicates 


Co., Inc., New York, Y., 1931, 105. 
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uplift coefficient 0.93, 0.03 units greater than that given Eq. 47a, the 
method used Mr. Leliavsky. 

superficial interpretation placed the coefficients Eq. 47d, this 
formula indicates that unit water pressures only excess the average 
unit pressures due external load plus per in. were needed break 
the concrete. short the pressures, acting the full cross section, were 
nearly those required simply lift the external load that one wonders whether 
the data not apply the condition within the pore space just prior ulti- 
mate failure rather than the condition working loads. 


G; 


Area Subject 
Area 
Net Uplift Net Uplift 


Unit Stresses CYLINDER WITH LOAD AND 
BALANCED 


Fig. 39, derived from two-dimensional photoelastic studies tension 
shows rough estimate what may have been the distribution 
stresses across the section before rupture was reached, and state loading 
when there was net resultant tension acting the cross section, the mean 
intensity water pressure just balancing the mean external load. The 
diagram indicates that, even the intensity water pressure across the section 
were uniform and its resultant equal the resultant the external load for 
specimen shaped like that used Mr. Leliavsky, the interior the cylinder 
would subjected tensile unit stress approximately 25% the applied 
water pressure. assumed that the true ultimate unit tensile strength 
pressure-saturated concrete (0.7 dry concrete) broken under slowly ap- 
plied tensile loads (0.8 quick break) 0.7 0.8 350 200 per in., 
then, because nonuniform stress distribution, balanced interior and exterior 
loads approximately 800 per in. would sufficient break the concrete 
without the potential tensile resistance the entire cross section ever having 
been effective. Thus straight line fitted the data the higher loads would 


England, 1931, 574. 
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intersect the axis the origin, indicating zero tensile strength for the concrete. 
The data Fig. 24, averaged small groups, suggest that sag curve (con- 
cave downward), conforming with the foregoing comment, might fit the data 
better. 

The writer, finally, would like touch upon certain practical considerations 
connection with “uplift” tests and assumptions based upon permeability 
experiments made concrete cylinders in. in. and pressures 

one who has seen concrete saturated under high pressure weeping 
water like squeezed sponge when placed under load testing machine, will 
question the reality and importance uplift phenomena. However, not 
generally realized that surprisingly long time required attain complete 
saturation and stabilize internal hydraulic pressures, and until these are 
stable, tests may lead wrong inferences. Six days were required per- 
meability tests 6-in. 12-in. cylinders balance the inflow and outflow 
the specimens. some the tests Mr. Leliavsky, with low pressures used 
during the early stages the test doubtful whether static conditions were 
reached the time break. The time required saturate large dam 
through homogeneous concrete, assuming cracking the structure, has 
been estimated many thousands years. During the economic life the 
structure, may doubted water pressure ever penetrates much one 
third the base width. Stresses computed the assumption the concrete 
fully saturated would then appear bear little relation the facts. 

the other hand, there adequate evidence show that so-called im- 
permeable foundations granite and the like are actually hundreds even 
thousands times more permeable than the concrete rolled earth materials 
above them. Permeability coefficients computed from the discharges rock 
tunnels under construction, from the leakage from per sec 
per sec past grouted dam sites, from the yields small wells drilled rock 
form the water supply mountain cottages, all yield permeability coefficients 
hundreds times higher than those derived from either laboratory tests 
small cylinders homogeneous rock than those obtained from concrete and 
compacted earth tests made laboratory. Open rock quarries usually show 
hair cracks three dimensions spacings from apart. Grout 
cannot forced any distance into crack smaller than about 0.005 in. because 
the limiting size the biggest cement particle. Furthermore, the flow 
the basis gross surface exposed percolation, yields coefficients that are 
hundreds times greater than the laboratory tests. view these two 
facts, the greater permeability the foundation compared that the struc- 
ture built upon should more generally recognized and taken into account 
studies dealing with the effect uplift. There can little question that, 
within the foundation dam, uplift acting nearly 100% the area 
pertinent design assumption; although, course, the intensities and the dis- 


tribution the unit pressures acting may modified grouting and drainage, 
the option the designer. 
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Finally, the writer feels that the extremely low tensile strength concrete 
indicated the Leliavsky bursting tests warrants additional analysis and 
laboratory investigation unless adequate explanations can offered the 
closure. Many large spillways are now being contemplated which concrete 
surfaces are expected withstand high-velocity flow. their bends, deflec- 
tion the water builds high hydraulic heads which are reduced immediately 
downstream negative values or, most, heads corresponding the 
depth flowing sheet water. The intervening concrete thus con- 
tinuously subjected high-head permeability test. the tensile strength 
the concrete more than shown Mr. Leliavsky’s tests, the internal 
bursting forces plus the shear from the high-velocity water may well result 
failure the surface concrete. 

hoped the following data, needed clear certain points the tests, 
described Mr. Leliavsky, can given the closure: 


(a) Fineness cement and tensile strengths from briquette tests with the 
corresponding mix proportions and water-cement ratios. 

(b) Size coarse aggregate concrete; and method cure the time 
testing after the initial period wet curing. 

(c) Compressive strength concrete tested standard cylinders 
cubes with corresponding mix proportions and water-cement ratios. 

(d) Were the reported mechanical tension tests made before after the 
concrete specimens had been water saturated? 

What was the percentage reduction tensile strength for those tests 
where the breaking loads were applied slowly terms rapid load strengths? 

(f) How was the point loading which the concrete failed determined? 
Fig. suggests that failure had started prior the test loading marked 
“fracture.” 

(g) How was the quantity water percolating through the cylinders 
measured? 

(h) What were the computed values the permeability coefficients 
different water-cement ratios? (Coefficients, terms cubic feet per second 
per square foot per unit gradient, obtained the Bureau for 
6-in. 12-in. cylinders with 1}-in. aggregate have ranged from for 
water-cement ratio 0.50, 7,000 for water-cement ratio 
0.90). 

Give the number cylinder breaks which occurred near the junction 
the lower container, the number the middle the test section, and the 
number near the top sleeve. 

(j) Give tabulation experimental values and 


Corrections for Transactions: advance the Society’s publication program, 
the Symposium “Uplift Pressure and Beneath was published 
December, 1945, Proceedings without prior review proofs the authors, 
both residents Egypt. The following errata from Mr. Leliavsky will 


Closure discussion ‘‘An Investigation the Permeability Mass Concrete with Particular Ref- 
Dam,” Arthur Ruettgers, Vidal, and Wing, Proceedings, A.C.I., Vol. 32, 
385. 
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made when the Symposium published Transactions, and discussers are 
requested confine their comments the corrected paper. 
page 1474, delete the published and substitute: 


“In gravity dam, water filters through the natural pores the 
terial the structure and develops internal pressure uplift. This 
paper describes tests made determine the effective area pores, which 
this internal uplift pressure applied. that end, water was driven into 
the pores masonry and concrete specimens, which were, the same time, 
subjected directly applied, mechanically developed loads, and tested 
destruction machine original design. These results permit the de- 
signer replace conventional assumptions design physically mea- 
sured uplift coefficients.” 


page 1475: Line change and porosity)” pres- 
sure the cracks and the pores)”; line 11, insert after 
larity” and run the next sentence; line 21, delete given 
and, line 29, change “decide” 

page 1478: Designate the two diagrams Fig. and and, 
line 13, change “specimen “specimen, Fig. 4(a).” 

ranged the same as” “placed under the same conditions is”; and line 
from the bottom should read value may 

page 1480: Line 36, insert centered Pressure 
Intensities Filtering change the first sentence 
problem not specifically discussed this 

page 1481: Line connect the two sentences inserting 
and, the last line add which the specific subject this 

page 1482: Connect the first and second sentences the first para- 
graph inserting or, and, line 39, change 

page 1485: Line change “‘more accurate” “much greater.” 

Fig. 11, note correction: “Flexible Connection Manometer for Pres- 
sure instead Q’’; and, the change “Force 
“Force 

page 1492: Line 20, delete the test.” 

page 1496: Line 19, change footnote footnote references 

page 1498: Table heading Col. 10, the unit “kg per and 
lines and 20, change series” conclusions” and 
respectively. 

page 1499: Eq. error the extent that both signs the nu- 
merator should reversed. 

page 1500: Line change the punctuation thus, cement, the 
factor calculated for series the same for series found *.” 
Beginning line the second paragraph this page should read: close 
the calculated line. Should the ‘probable’ deviation (namely, 0.6754 times 
the standard deviation) taken *.” The sentence parenthesis be- 
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ginning line should moved follow the tabulation. The sentence be- 
ginning five lines from the bottom page 1500 should read: follows that, 
series (see Table 2).” 

page 1501: Line 17, change 

page 1504: Line 23, change “‘tests reported experiments 

page 1511: The sentence beginning line should read same 
values are found the least-squares 

page 1512: Line 21, change to” 
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DISCUSSIONS 


EVALUATION PROFESSIONAL OBJECTIVES 
THE DESIGN SANITARY ENGINEERING 
WORKS 


REPORT COMMITTEE THE SANITARY 
ENGINEERING DIVISION 


Discussion 


GRANT HINKAMP, AND WILLIAM FOSTER 


sanitary engineers because the many patents granted originators water 
purification and sewage treatment processes and apparatus aptly indicated 
the report. The need for straightforward approach the situation has 
been evident for long time. The members the committee should com- 
mended for their careful appraisal the situation and the courageous stand 
expressed the 

The report indicates that three groups interests are involved the prob- 
lems presented this patent situation: The Client (usually public agency), 
the Engineer, and the Promoter the patented process apparatus. How- 
ever, addition, there fourth group concerned although its interests are 
not evident those the other groups. The manufacturer standard 
equipment who has interest any process treatment much concerned 
with the general problem. Specifications and contract forms for treatment 
plant construction and equipment frequently state that the contractor equip- 
ment manufacturer shall assume liability for the payment royalties for 
patent infringement should patented processes involved. clause this 
kind suggests possible item expense the manufacturer regular equip- 
ment; and, protect himself, must add his bid price. 

The unfairness such clause can best indicated citing example. 
city requires sewage treatment plant—for topographical reasons neces- 
sary pump sewage the plant site; for economic reasons best operate 
the pumps electric motors. matter what method treatment used, 


report was published January, 1946, Proceedings. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Received the Secretary April 22, 1946. 
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motor-driven pumps are needed. Therefore, neither pumps nor motors enter, 
any practical logical sense, into infringement any patent granted 
any special process which may happen employed. However, thousands 
contracts containing such clauses have been written and the manufacturers 
standard equipment have had defend themselves court some in- 
fringement suits. Awards such suits are rare; but, nevertheless, the ma- 
chinery maker faced with suits, and their nuisance value alone considerable. 
protect himself against the possible cost such actions, the manufacturer 
must add his bid price, just unknown conditions increase any contractor’s 
hazards and augment the bid price. The legal counsel some manufacturers 
insist that this clause crossed out before submitting proposals. However, 
this action would lay the entire bid open the charge being irregular and, 
therefore, usually not done. 

Makers standard equipment seem wholeheartedly accord with 
the committee its belief that treatment works should designed compe- 
tent engineers who should study all aspects the problem hand un- 
biased way make intelligent recommendations. Likewise, they will agree 
that, patented process used, any one receiving substantial benefits there- 
from should pay the patentee reasonable fee. Were such procedure gen- 
erally followed, there would need for engineers and cities the 
buck” contractors and manufacturers, and the objectionable patent in- 
fringement clause could eliminated from contracts. 

All people the sanitary engineering field, whether engineers makes 
standard patented apparatus, should grateful for the rational reasoning 
and sound conclusions expressed the report. 


Assoc. careful and interesting study 
phase engineering ethics such that presented the report subject 
somewhat different analysis than similar study some technical problem. 
Ethics basically composed set extralegal rules that should control the 
actions the professional man, enabling him serve his clients better. Since 
they are extralegal, the interpretation such rules always interesting be- 
cause the diverse opinions that engineers express, and the stoutness with 
which they defend them. For example, some feel strongly that all professional 
cards appearing the technical magazines should the same size while others 
feel equally strongly that restrict the size the cards would more 
logical than would restrict size offices length papers written for 
publication. Some have questioned the ethics using professional card 
all. Many wax bitter over the wording. 

Equally earnest have been the arguments the ethics involved the 
method charging professional fee. engineer tries influence the 
client’s selection his services the basis the type fee charges, 
well the amount, then one may submit that guilty unethical act. 
However, may merely simplifying the charges way that appeals the 
client. 


Eng. Editor, The American City Magazine, New York, 
Received the Secretary May 1946. 
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The writer periodically runs across the following definition violation 
ethics and offers for what worth: may considered have been 
violated when the other fellow gets the job.” 

The committee bases the report nine significant facts (see heading, 
“The that seem threaten interfere with conventional practice. 
The writer feels that these actually are opinions, rather than facts, which the 
committee has overreached itself its desire have the engineer serve his 
client. There trend toward asking the engineer’s legal opinions field 
where not qualified expert. Also recurrence engineering prejudice 
against proprietary processes appears prevalent. The writer wishes 
comment certain the facts individually and add few examples 
which the study certain proprietary processes definitely should included 
the service the client. 

Fact criticizes the practice requiring the contractor assume liability 
for the payment royalties for patent infringement, stating that 
avoidance the question patents the 

This statement illustrates the committee’s desire that the engineer 
patent attorney. Why should not avoid the question patents? 
right for him decide the proprietary character process when the patent 
attorney would not satisfied short exhaustive search? The engineer’s 
opinion respected far reflects his training. Rarely that training 
the field patent law. 

The sanitary engineer concerns himself with the health his fellow man. 
However, would think long time before writing doctor’s prescription. 
Likewise, should think equally long before rendering legal opinion. 

Fact notes the possible methods that the engineer can use handling 
patented processes. can 


honor the patents and thereby subject his client the 

payment royalties and the restriction competition bidding; (2) 

infringe the patent and thereby subject his client the 

possibility expensive patent litigation; (3) avoid the patent 

What the function the engineer? engineer’s task serve. 
supplies material. serves only give his client the most efficient job 
the most economical price. certainly does not function only obtain 
large volume bids for his client. does obtain the most efficient 
the most economical price honoring certain patents (considering course 
the royalties involved), performing his job intended. in- 
fringes the patent and subjects his client the possibility litigation, and 
does this knowingly, unquestionably remiss his duty. avoids the 
patent changes design and thereby sacrifices either the efficiency the 
economy the plant, again remiss, even though the list bidders long 
and impressive. 

Fact asserts that many the patents brought the the 
designing engineer appear him have doubtful validity. 

Again the engineer attempts the patent attorney’s job. Can ex- 
press opinion patent validity and have recognized the courts? The 
answer obviously 
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Fact scores the “free engineering” that many manufacturers and some 
contractors offer. writer agrees any inference that engineering not 
justifiable cost project misguides the client and does him distinct dis- 
service. However, not too difficult convince client that the engineer- 
ing costs are never free—that pays for them whether sees them not. 
The engineer can most effectively overcome the problem engineering 
comparing job this type with similar one his own. his experi- 
ence the writer has never had much difficulty overcoming this objection. 
The engineering services have long been taken with the proverbial grain 
salt well-informed clients. 

fact the committee alleges that some engineers have adopted, their 
own, plans and specifications prepared promoters patented processes 
equipment. also hints that certain other engineers have resorted the 
practice selecting methods treatment the basis whether the manu- 
facturer would furnish the working drawings for the completed design. These 
are serious allegations. the committee has positive, supportable evidence 
that some engineer has conducted his business this manner, should initiate 
action disbar him from further practice, least cancel his membership 
the Society. the evidence conclusive, neither step should difficult; 
short this, the committee should cautious casting dark, sinister asper- 
sions reflecting the profession whole. 

fact the committee questions the accuracy data offered the 
owners proprietary processes, far both operation and cost estimates 
are concerned. 

This factor appears doubtful validity. The engineer should 
able eliminate exaggerated operating data sound and thorough accept- 
ance test. engineer’s cost estimate also should based something 
more sound than salesman’s opinion. 

few examples that have come the writer’s attention indicate why clients 
retain interest the opinion sales engineers representing proprietary 
processes: 


city not long ago retained well-known consulting firm design 
water treating plant and voted bonds the basis the cost estimate. The 
engineers designed the plant along the lines the lime-soda-ash process. 
However, bids rose high that the money voted was not adequate. Conse- 
quently, sales engineer for proprietary process appeared before the council 
and offered build plant that would treat the water accordance with the 
specifications and the work within the price voted the bonds. This 
city acted the suggestion and discovering that not only can build less 
expensive plant but can operate cost comparable the lime-soda-ash 
plant since there need for expensive lime sludge handling. The engineers 
felt that the city was too small make the reclaiming sludge practical. 
The engineer stated that the light experience here, may have 
reset our sights for water softening plants.” The conscientiousness the 
engineer who prepared the original design cannot questioned; nevertheless, 
somewhere along the line the sales engineer gave this community more useful 
service than did the consultant. 
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another community, the engineer—well respected—varied the design 
water treating plant sufficiently that felt that avoided the patent 
terms while utilizing this very efficient method. 

The committee mentioned this practice its report, yet the writer feels 
strongly that this engineer has committed injustice. This same engineer 
would scandalized the client suggested his stealing actual unit from the 
manufacturer; however, which more important—the equipment the idea? 

The writer has noted water supply installations that utilize well supply 
with radial well points. The installations require careful geological studies for 
the proper selection aquifer and depend filtration from river lake, 
thus being effect large natural slow sand filter. Although industry has 
been quick utilize this method because the great saving over standard 
filter plant specific locations, few municipalities have followed suit. 
more than two concerns this type work, the writer’s knowledge; thus 
the bidding would never lively. The engineer for one them has com- 
plained bitterly that cannot even get consulting engineer talk him, 
let alone consider his process seriously. The writer has reported certain 
these projects. his opinion any engineer designing water supply project 
that does not include consideration this radial well supply has not ade- 
quately studied the problem manner that his client has right expect. 

The writer also familiar with development vacuum filtration 
sewage sludge which cords replace the customary filter cloth, with greatly 
increased operating efficiencies. far the writer knows, although only one 
company holds the patents this process, the value received appears great 
enough that, despite its monopolistic character, engineer should feel duty 


bound include consideration his analysis sewage treatment pro- 
jects. 


conclusion the writer would like emphasize that, although knowledge 
patent law valuable, only rare instances can the engineer authority 
the subject. The engineer’s primary duty produce efficient plant 
economical price. this involves proprietary processes, should rec- 
ognize his obligation consider them. 
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TORSION STEEL SPANDREL GIRDERS 


Discussion 


JOHN GOLDBERG, AND OESTERBLOM 


Assoc. coincidence, the writer has 
been working paper covering the same problem that presented 
Professor Lothers, and the incidental study the problem has disclosed sev- 
eral circumstances worthy mention. 

Professor Lothers has stated that the flange bending stresses due the 
torsional moment (stresses which, under ‘‘Concluding designates 
stress from secondary may neglected the ground 
that warping the spandrel cross sections not prevented. the basis 
this statement, only the torsional shearing stresses are considered the 
author. the opinion the writer, the assumption lack warping re- 
straint erroneous, and without practical and physical foundation. 
difficult find spandrel which considerable restraint against warping does 
not exist. Consequently, analysis which overlooks the effects warping 
likely very much error, particularly when the torsion applied 
short distance from the end the spandrel. 

excellent illustration found Example the paper. Assuming (as 
did Professor Lothers) that each spandrel may analyzed independently 
its supports, then the midpoint each spandrel defines not only the location 
the applied torsion but also plane symmetry. Clearly, this implies perfect 
restraint against warping this location. Consequently, the flexural rigidity 
the flanges must considered. this done the method used the 

writer, found that the true torsional strength the beam approximately 
2.22 times the value used Professor Lothers. 

The short method developed the author can used obtain the ap- 

proximate value the torsional moments and thus determine the approxi- 


Nors.—This paper Lothers was published March, 1946, Proceedings. 
Structures Engr., Consolidated Vultee Aircraft Corp., San Diego, Calif. 
Received the Secretary April 1946. 
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mate magnitude the ultimate discrepancy. For the spandrels, Example 
1.16 (2.22) 2.57 


the same short-cut method, but neglecting bending stiffness the 
flanges, Professor Lothers obtained 279 ft-lb. Since must admitted that 
warping prevented the plane symmetry (that is, the midlength the 
spandrel), follows that this procedure leads error 338 ft-lb the 
value the end moment the floor beam. The entire torsional moment 
induced the spandrel beam must resisted, near the ends the 
spandrel beam, torsional shearing stresses the maximum values which 
may determined Eqs. and 7b, using the value taken from Table 
Table the analysis progresses from the end the spandrel the 
point application the torsional moment, continuously smaller portion 
the moment carried torsional shear stresses and increased portion 
carried flange bending. the midlength (the point application the 


torsional moment) practically the entire added moment 169 ft-lb 


3.73 


617 ft-lb. 


carried flange bending and the distribution and magnitude torsional 


shearing stresses are substantially calculated Professor Lothers. 

The torsional moments increase the length the spandrel decreases. 
(approximately) increases the torsional stiffness not 16/6 2.67 
times its former value, but 3.66 times that value. 

The the ends the spandrels are not necessarily zero and, 
therefore, have great effect the torsional moments distributed the 
spandrel. complete analysis should consider this effect which may 
sufficiently great reverse the torsional moment. 


ASCE.%—Many years ago was known that the 
torsional effect spandrel beams was severe; but designers were still thinking 
terms free static forces, and the procedure for computing these effects 
was very much mystery. Slowly the idea that the strains structure 
were energy problems captured the consciousness the engineers and they 
began see ways out many mystery problems—including the behavior 
spandrels. was slow development, because most structures were highly 
indeterminate; and, even though one could write—if need be—any number 
equations, was only for simple cases that one was able solve the system. 

The spandrels are only minor part this difficulty; but—minor major 
—the difficulty still exists, and the correct solution well-nigh impossible 
the designer limited classical theory and methods only. 


Carbide and Carbon Chemical Corp., South Charleston, Va. 
Received the Secretary May 20, 1946. 
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Early the writer’s professional career made attempts find solution 
the torsion problem concrete frames. had satisfied with approxi- 
mations. Nothing else that time seemed feasible. Later, the subject was 
considered for steel spandrel beams the large steel producers. Here 
also there was approximation that one the elements the torque—namely, 
the assumed. Although the scope was thus limited both 
the foregoing attempts, and the methods were primitive, yet they were steps 
forward. There was recognition not only that there was problem, but that 
the problem was important. fact was discovered that torsional shears 
were heavy and often dangerous. was important that they should 
provided for. 

Now Professor Lothers urging—in fine style and with good practical 
sense—another step forward. wants designers evaluate the torsional 
effects end restraints when secondary beams are framed into the spandrels. 

knows this because side-steps the difficulty introducing assumption. 

“Three different conditions restraint will assumed states 
under the heading, Steel Spandrel Beams: Relative Stiffness (c).” 
Unfortunately, one the three (Eqs. 12) likely fit specific problem 
very closely. other words, again approximation and not rational 
solution. Although this conceded not stated critical sense. The 

_method good; and with good judgment added the selection the proper 
case, the designer will much closer safe and economic design than 
would the older method judicious guessing—followed prayer that 
Providence would kind the matter strain and stress. 

With this grateful acceptance the help that offered the paper, the 
structural engineer may yet allowed ask: that the best that can 
done today? Does the profession have means fill the open spaces” 
between the three cases offered? 

fact, such means are available; the problem spandrels merely part 
the larger problem the space frame which can now solved—if the 
designer can keep good order the great mass basic material from which 
must start and the progressive steps the process relaxation that follow. 
far, the torsional moments and reactions, and their behavior elastic 
framework, have been woefully neglected authoritative writers texts and 
technical papers. Can that these writers are still suffering from the 
confusion that attends the efforts novice keep signs and computations 
order during the process? 

Surely that should not apply experienced pundits engineering science. 
This paper, therefore, challenge the younger pundits whet their 
imaginations, take the next step forward courageously and full stride. 
The ground ahead neither soft nor hard; just fair the one that has the 

wits and the will, 
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DISCUSSIONS 


STRENGTH THIN STEEL 
COMPRESSION FLANGES 


Discussion 
FRED LLEWELLYN, AND JACOB KAROL 


LLEWELLYN,” scholarly, yet not pedantic, study 
peculiarly interesting the writer because, prior 1939, was member 
the American Iron and Steel Institute committee sponsoring the Cornell 
University (at Ithaca, Y.) tests which the paper largely based. 
1933, the writer suggested the concept effective (or equivalent) widths 
applied thin metal sections, such 
the one illustrated Fig. 12. TABLE 
first collated the published pro- 
portions number such sec- 
tions, whose efficiency was fairly well 

nvestigator 
established industrial use; and 
the results with the nonorderly and 
all-too-few tests then 

with the much more adequately sup- Eq. and Fig. 
ported values now given Professor 
Winter, offered The conditions fixity are not quite identical 
both cases, but effort has been made classify them along comparable lines. 


The author asked state whether the surprising value, correctly as- 
signed Table 

Although this rough comparison tends confirm the safety many mis- 
cellaneous sections commercial use, the design all thin-walled sections, 
course, should placed common and broad foundation. The present 


paper George Winter was published February, 1946, Proceedings. 

Baton Rouge, La. 

Received the Secretary March 18, 1946. 
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paper welcomed valuable step this direction—the development 
standard design specification for the products question. 

view the author’s expressed inclination toward analytical methods, 
his restraint in, and happy application of, their use are applauded. 
Professor Winter’s academic citations are few, but pertinent. former years, 
when the writer was tempted try and “highbrow,” used recall 
warning from the field art criticism. one page revised edition 
John Ruskin’s works, the text was footnoted about follows: 


“In the first edition this book there was here quotation from 
Aristotle, the Greek. inserted show had read Having 
accomplished that purpose, now omitted.” 


The present paper affords very suitable balance the academic with the 
practical, which Mr. Ruskin’s self-irony could not possibly apply. The 
author does not need apologize for approaching the subject from experi- 
mental rather than classical standpoint. not true that all physico- 
mathematical theory must converted into conventional forms that are valid 
only within the boundaries everyday practice? Thus, the writer would ex- 
pect Figs. and receive most attention from actual designers thin- 
walled sections. 

hoped that these casual, but quite appreciative, comments “old 
timer” may much interest the author, and fellow engineers, the 
paper was the writer. 


Assoc. the fact that millions 
formed sheet channels with and without stiffening lips have been used 
bending members airplane control surfaces, there has been definite 
design procedure whereby stress analyst could determine their ultimate 
strength. The paper Professor Winter, therefore, timely and important 
contribution the field elastic stability. 

The writer’s procedure determining the strength symmetrical formed 
sheet channels bending has been compute the ultimate strength the 
component elements the section the compression side, obtain the 
resisting moments about the centroidal axis, and then double their sum 
obtain the total resisting moment. interesting note that this procedure 
similar that presented the paper. 

will shown that, plotting the test data for the type members 
(compression flanges stiffened along both longitudinal edges) slightly 
different manner, the relationship between the variables clarified, and 
becomes readily apparent that simple expression can written for the 


experimental coefficient which applicable over the entire range 


The data from Fig. have been plotted with ordinates, but with the 


the low ranges the inverse parameter, the writer has also plotted the re- 


Design Engr., Howard, Needles, Tammen Bergendoff, Kansas City, Mo. 
Received the Secretary April 1946. 


: 
< q 
7 
\ 
( 
f 
: 
4 
i 


June, 1946 KAROL THIN FLANGES 911 


sults the special series tests, given Table 2,in SinceC 


definition (see Eq. the ratio the inverse paramenter really 


for each test point. The data indicate that, for the low ranges the inverse 
parameter, the value should nearly equal the inverse parameter, 


" 
> 


Values 


whereas, for the high ranges the inverse parameter, the value practi- 
constant. The following expression fulfils these conditions and gives re- 
sults practically identical with Eq. 


shown solid line Fig. 15. The ratio the ordinates the 


Eq. plotted for the particular case 30,000 per in. and 
30,000,000 per in. Fig. 16, using abscissas and ordinates. 
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This curve (marked corresponds Fig. and shows that the value 


has been used plot family curves similar those Fig. 
(the legend Fig. applies Fig. 16), and the resulting chart for equivalent 


(Eq 13) 


Values 


Values 


0.2 40t 


120 160 240 
Values 


width also shown Fig. 16. Although the author recommends the use the 
chart for other metals than mild steel, should noted that, for metals with 
indefinite yield point such aluminum and magnesium, the value 
function the stress and only equal the initial modulus elasticity for 
stresses below the proportional limit the material. Hence, for stresses 
beyond the proportional limit, effective modulus elasticity corresponding 
the particular stress must used determining the value the parameter 


The behavior beams I-15 and I-17 indicates that, for material with 


indefinite yield point, the ultimate stress the curved corners the flange 
considerably beyond the yield point, and this must considered calculat- 


ing the parameter for such materials. 


For the type members (compression flanges supported along one longitud- 
nal edge), expression similar Eq. can undoubtedly developed which 


would applicable the entire range Since sufficient data are not pre- 


sented Table from which so, suggested that the author derive the 
expression his closing discussion. 
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DISCUSSIONS 


ENGINEERING EDUCATION 


PROGRESS REPORTS THE SOCIETY’S PROFESSIONAL 
COMMITTEE ENGINEERING EDUCATION, FOR 
1944 AND 1945 


Discussion 


FREDERIC BASS, AND JOHN WILBUR 


Bass,! most interesting read the 1944 and 
1945 reports the Society’s Professional Committee Engineering Educa- 
tion. The letter transmittal Fig. (Appendix) cogently phrased for 
the purpose eliciting thoughtful replies from the engineers and the employers 
addressed. The diversity opinion expressed Fig. and Table (Appen- 
dix) indicates the diversity the professional experience the men replying, 
and the failure many comprehend that significant sentence Fig. 
“The accelerated trends, technical and social, place new responsibilities upon 
the profession and upon civil engineering education.” 

The opinion, which for considerable number years has been growing 
among leading engineers and leading engineering teachers, that the basic 
sciences and the external relations engineering other human activities 
should receive greater emphasis the engineering schools the United States. 
This body opinion has been but faintly reflected the curricula, largely 
because has not yet become sufficiently definite. This indefiniteness 
possibly due the varying ideas among engineers the scope their 
responsibilities. Perhaps common with the great majority the groups 
making the population, they share the tendency fasten their attention 
upon their more than upon their responsibilities. 

Engineering not occupation (or profession, you prefer that word) 
isolated and distinct from other callings. integral part present 
civilization, part industry and business, both private and 
public; and because this owes its responsibility such businesses the form 
transmitting them the meaning and practical values its ideals. Engi- 
neering practice, far the materials and forces nature are concerned, 


report was published March, 1946, Proceedings. 
Minneapolis, Minn. 
Received the Secretary March 28, 1946. 
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based mainly physical science and some extent the biological sciences; 
depends upon factual data and their honest interpretation. the purpose 

engineering direct the materials and forces nature for the benefit and 

convenience mankind, the conservation the human resources life and 

energy the real objective all engineering and the use and conservation 

material resources are the means that end. 

these assumptions are true, one the responsibilities engineering 
education insure that the student shall see engineering its true per- 
spective and thereby better able orient himself with respect his fellows. 
world where the development science and engineering has created 
many new activities and many great organizations, has been inevitable 
that government should have been forced undertake larger part their 
control; consequently, public affairs mean much every engineer and time 
goes will mean more. Perhaps one today can assert conclusively that 
the economic system called will not have been modified 
beyond recognition within another generation two. 

These beliefs, which seem important the writer, receive slight considera- 
tion from the majority engineering teachers with whom has had contact. 
Apparently they not wish assume additional responsibility; nor they 
believe that professional engineers whole should assume such responsibil- 
ity. when engineers are educated assume further economic and 
social responsibilities they will have led engineering teachers who 
themselves comprehend and believe that responsibility and are themselves 
capable impressing upon their students and who will not dismiss 
turning entirely over the departments economics, social sciences, 
history, English, others. Engineering students assigned will usually 
taught younger, inexperienced instructors who know little nothing about 
engineering and its ideals and purposes and consequently will oftener than not 
also fail impress the student with the idea greater and wider responsibility 
his part the community. 

may true that the majority the younger engineering students are 
unwilling grasp, are incapable grasping, more than the strictly technical 
aspects engineering. For that reason partly, the economic and social aspects 
should not introduced pre-engineering but should reserved for intro- 
duction later the curriculum. Then the more mature mind the student 
may more willing and capable understanding the wider fields adjacent to, 
and surrounding, engineering practice. From the viewpoint self-interest 
might made plain indefinite proportion students that such study 
would worthwhile; yet that should not the ultimate aim, which should 
include—as the old definition benefit 

Right now, one knows whether not the discoveries, inventions, and 
industry scientists and engineers will result the destruction the civiliza- 
tion which they have built. does result will because scientific and 
engineering education self-defeating and therefore futile. Engineers will 
have been deluded the idea that their work has been apparently constructive; 
reality ends destruction. If, the other hand, the world destined 

progress the point where war and violence give way reason, the voice and 


a 


strength science and engineering will needed help sustain that eternal 
vigilance which the price peace. Here lies the great contribution which 
the profession engineering may make, not alone the visible and tangible 
structures and machines which converts the latent forces nature into 
material wealth but, even more, the tried and tested principles and ideals 
which are inherent its practice. The profession engineering cannot 
made most effective isolationist policy; must understand the many 
other forces, both constructive and which surrounded and 
ally itself with the truly constructive. 

The greatest problem which confronts engineering (and all) educators may 
not much curriculum making the discovery and development men 
who can realize the great opportunity and destiny their calling. 


ASCE.**—The excellent progress reports the 
Society’s Professional Committee Engineering Education for 1944 and 1945 
are both interesting and The writer attempted classify the 
subjects offered the latest undergraduate curriculum for the civil and sanitary 
engineering department Massachusetts Institute Technology Cam- 
bridge, Mass., into the seven groups used the committee. Some the 
difficulties encountered the committee following such classifications were 
immediately apparent, but the results were nevertheless interest. Excluding 
‘military science” and (as perhaps not belonging any one category) 
and the subjects taught the surveying camp” (as extras, and there- 
fore not strictly involved study four-year program), the results this 
study showed, general, close correlation with the recommendations the 
committee. 

only one group—namely, “other the departure 
sufficient cause some further thought, since the total was appreciably less 
than that recommended the committee. would have been possible, 
fairly reasonable reclassification subjects, have removed this departure; 
but was not believed that such rearrangement would have expressed the 
truth the situation well did the original classification. The two groups 
which slightly more time was devoted than recommended the committee, 
and which therefore appeared responsible for the deficiency 
were sciences including and “mechanics, 
hydraulics, and strength materials.” the other hand, had “summer 
subjects and been included the count, they would have been 
classified the group, which could then have been identi- 
fied the offender. 

The writer assumes that the committee, although recommending division 
time between the various groups subjects, does only general guide, 
and recognizes that various conditions will have some influence the extent 
which, given institution, the should followed. 
general guide, the time division suggested seems excellent. The suggestion 
that reduced time devoted subjects that would classified under the 
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headings practice and technique, and professional applications and under- 
graduate specialization, believed sound, also the recommendation 
that subjects analytical nature preferred those descriptive char- 
acter. course, one should not lose sight the fact that the graduate must 
secure and hold his first job; but, the opinion the writer, best devote 
most the all-too-brief time that can allotted technical subjects material 
fundamental character which, not learned college, will probably never 
learned. This condition appears necessitate leaving most the learning 
special practices and skills until after graduation. 

The curriculum analyzed the writer includes subject called 
sional which has just been incorporated. gratifying find 
that the content this course corresponds closely the subject matter that 
was designated, the returns, from the questionnaires sent the committee 
practicing engineers, great importance because its value part 
educational background for civil engineer. 
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